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TDM and dose optimisation of antiepileptic
and antipsychotic drugs

• Why TDM?
• History: TDM in psychiatry
• Limitations

Poor evidence base
Poorly defined terapeutic reference ranges
Inappropriate use

• How TDM ?
Appropriate use 
Guidelines for TDM 
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TDM guided pharmacotherapy

Clinical decision making

TDM

Improved efficacy, 
improved safety, 

shorter phases of suffering



TDM history

• 1940s Marshall: The activity of antibiotic drugs depend on 
concentrations in blood. 

• 1960 Buchthal showed a relation between plasma concentrations of 
phenytoin in patients with epilepy and the degree of seizure control
attained. 10-20 mg/L therapeutic range, toxic > 15 mg/L, severe
toxicity > 30 mg/L 

• 1967 Baastrup and Schou found a relationship between plasma 
concentrations and pharmacological effects of lithium

• 1970s Sjöqvist, Asberg, Alexanderson Nortriptyline concentrations 
in blood correlate with clinical improvement and side effects, and 
dose related plasma concentrations are influenced by genetic 
factors     



1. Plasma AED concentrations correlate much better than 
dose with the clinical effects. 

2. Assessment of therapeutic response on clinical grounds 
alone is difficult in most cases because AED treatment is 
prophylactic, and seizures occur at irregular intervals. It is 
thus difficult to ascertain whether the prescribed dose will 
be sufficient to produce long-term seizure control. 

3. It is not always easy to recognize signs of toxicity purely 
on clinical grounds. 

4. AEDs are subject to substantial pharmacokinetic 
variability and thus, large differences in dosage are 
required in different patients.

5. There are no laboratory markers for clinical efficacy or 
toxicity of AEDs.

Why TDM of antiepileptic drugs (AED)?

Patsalos et al. Ther Drug Monit 2018;40:526–548
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TDM of A
EDs is widely established and accepted



1. Plasma APD concentrations correlate much better than 
dose with the clinical effects?

2. Assessment of therapeutic response on clinical grounds 
alone is feasable (e.g. CGI or BPRS). It is difficult to 
ascertain whether the prescribed dose will be sufficient to 
produce long-term suppression of psychotic symptoms. 

3. Signs of intolerance EPS can be easily recognized. 
4. APDs are subject to substantial pharmacokinetic 

variability and thus, large differences in dosage are 
required in different patients.

5. There are no laboratory markers for clinical efficacy or 
toxicity of APDs.

Why TDM of antipsychotic drugs (APD)?



1. Plasma APD concentrations correlate much better than 
dose with the clinical effects?

2. Assessment of therapeutic response on clinical grounds 
alone is feasable (e.g. CGI or BPRS). It is difficult to 
ascertain whether the prescribed dose will be sufficient to 
produce long-term suppression of psychotic symptoms. 

3. Signs of intolerance EPS can be easily recognized. 
4. APDs are subject to substantial pharmacokinetic 

variability and thus, large differences in dosage are 
required in different patients.

5. There are no laboratory markers for clinical efficacy or 
toxicity of APDs.

Why TDM of antipsychotic drugs (APD)?

TDM of APDs is a matter of debate

Exception: Clozapine
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TDM of antiepileptic drugs, indications

Patsalos et al. Ther Drug Monit 2018;40:526–548

1. After initialization of AED treatment or after dose 
adjustment

2. On achievement of optimum desired clinical response
3. To determine the magnitude of a dose change
4. When toxicity is difficult to differentially diagnose or when 

toxicity is difficult to assess clinically
5. When seizures persist despite the prescribing of an 

adequate/typical dosage
6. When pharmacokinetic variability is expected
7. When a formulation change is to occur
8. The clinical response has unexpectedly changed
9. Poor compliance suspected



Indications

TDM of antipsychotic drugs, indications

clozapine



Indications
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Indication for TDM request
Qualified laboratory
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How to find (therapeutic) reference ranges?
AEDs: Decreased occurrence of seizures
APDs: Decrease of positive and negative symptoms
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Callaghan et al., 1999: Olanzapine. Pharmacokinetic and Pharmacodynamic Profile
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ONLY FOR FIXED DOSIS STUDIES
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WRONG
Due to non consideration of patient

characteristics and treatment 
modalities



How to find (therapeutic) reference ranges?



PET-Imaging 



Sedvall, Farde 1996, modified

Serum level of antipsychotic drug [ng/ml]
0

20

40

60

80

100
D2-receptor occupancy [%]

poor  response

extrapyramidal effects

optimal  response

PET-Imaging
Antipsychotic Drugs 



Sedvall, Farde 1996, modified

Serum level of antipsychotic drug [ng/ml]
0

20

40

60

80

100
D2-receptor occupancy [%]

poor  response

extrapyramidal effects

- therapeutic range -

optimal  response

PET-Imaging
Antipsychotic Drugs 



Plasma concentration (ng/ml)

C
lin

ic
al

 Im
pr

ov
em

en
t 

Low Medium High

Probability to respond

33%                         44%                           67%

How to find (therapeutic) reference ranges?



Plasma concentration (ng/ml)

C
lin

ic
al

 Im
pr

ov
em

en
t 

Low Medium High

Probability to respond

33%                         44%                           67%

How to find (therapeutic) reference ranges?

Prospective study, a logistic challenge!!! 



Lancet Psychiatry. 2016 Aug;3(8):717-29.

Haloperidol 1-10 ng/mL Hiemke et al. 2011

Haloperidol 5-17 ng/mL Baumann et al. 2004

Change of reference range during clinical trial



Were concentrations of haloperidol in blood of 
patients who had been treated under well controlled
clinical supervision who had responded well within
• the reference range 2004: 5-17

or
• the reference range 2011: 1-10 ng/mL  

Lancet Psychiatry. 2016 Aug;3(8):717-29.



<------- old therapeutic range --------------->

Haloperidol serum concentration (ng/ml)

<--- new therapeutic range ------> 

The NESSY group  

Haloperidol therapeutic range



The concentration range of drugs in blood of patients 
who have responded to the drug reflects the therapeutic 
reference range. 

Hypothesis



Selection of concentrations from TDM data bases for 
psychoactive drugs in blood of patients who had
improved under treatment (measured by CGI) at least 
„much improved“   

Methods



Drug Consensus* range
(ng/ml)

Q1-Q3 range
(ng/ml)

Amisulpride 100-320 93-281
Aripiprazole 150-500 146-300
Quetiapine 100-500 66-227
Olanzapine 20-80 23-56
Risperidone 20-60 20-44
Ziprasidone 50-120 39-97

Gründer and Hiemke

Antipsychotic drugs

Concentrations of drugs in blood of patients who had at 
least „much improved“ according to CGI.   

Results

Observed**

* Consensus Guidelines 2018    ** TDM data



Conclusion

The interquartile concentration range of drugs in blood 
of patients who have responded to the drug can be used 
as preliminary therapeutic reference range as long as 
clinical trials with appropriate methodology are lacking. 



How to do TDM of AEDs or APDs?

Handbooks, guidelines?



TDM of antiepileptic drugs

Patsalos et al. Epilepsia, 49(7):1239–1276, 2008



TDM of antiepileptic drugs
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TDM of antiepileptic drugs
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TDM of antipsychotic drugs

Hiemke et al. Pharmacopsychiatry 2018;40:526–548
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How TDM?



LABORATORY
Address
Phone
Fax

REQUESTING HOSPITAL / DOCTOR
Address
Phone in case of alert
Fax

Drug(s) to be assayed Formulation Daily dose / dosing schedule Date started Time of last dose 

SEVERITY OF ILLNESS 
(CGI-S)

How mentally ill is the patient

at this time?

� Not at all ill (1)
� Borderline mentally ill (2)
� Mildly ill (3)
� Moderately ill (4)
� Markedly ill (5)
� Severely ill (6)
� Extremely ill (7)

IMPROVEMENT 
(CGI-I)

Change compared to 

condition at admission?

� Very much improved (1) 
� Much improved (2)
� Minimally improved (3)
� No change (4)
� Minimally worse (5)
� Much worse (6)
� Very much worse (7)

ADVERSE DRUG REACTION (UKU)

� not at all (0)     � a little (1)     � moderate (2)     � severe (3)

� � Concentration difficulties     � � Asthenia                        � Sleepiness/Sedation 
� � Tension/inner unrest           � � Sleep disturbances        �� Emotional indifference 
� � Dystonia       � � Rigidity       � � Hypokinesia/Akinesia     �� Hyperkinesia    � 
Tremor 
� � Akathisia      � � Epileptic seizures   � Paresthesias � � Headache
� � Accomodation disturbance              �� Increased salivation     �� Dry mouth 
� � Nausea/Vomiting       � � Diarrhoea   � � Constipation    � � Micturation
disturbance
� � Polyuria/Polydypsia � � Increased sweeting   � � Galactorrhoea        � � Weight 
gain 
� � Sexual dysfunction    � � Other (to be specified) 

Causal relationship: � � improbable    �� possible    �� probable

PATIENT DETAILS Name or Code � Inpatient          � Outpatient Date and time of blood withdrawal

Date of birth Sex Diagnosis / Symptom(s)

� HIV-patient Weight (kg) Smoker    � No        � Moderate (<10 cig/day)           � Heavy (>10cig/day) 
Genotype/phenotype to be considered (e.g. CYP2D6, 2C19, 1A2): 

Other medications (include herbals, over-the-counter drugs etc)

REASON FOR REQUEST  
(tick more than one if applicable)
� Control of adherence  

� Dose adaptation 
� Insufficient improvement
� Adverse effects (specify below)

� Drug-drug interaction
� Control under maintenance therapy
� Other reason (to be specified)

TDM request: Blood should be withdrawn under steady-state conditions,

preferably in the morning BEFORE taking the morning dose.

Return the completed form, together with a minimum of 1 ml serum or plasma.

Date of sample receipt:    

Signature :              Figure 5



1. CYP Substrates
2. CYP Inhibitors
3. CYP Inducers
4: Therapeutic reference range
5: Dose related reference range 
6: Metabolite to parent compund ratios
7: Indications for TDM

Tables

Hiemke et al. Guidelines for TDM in Neuropsychopharmacology Pharmacopsychiatry 2018; 51:9-62



TDM – Case                                   Olanzapine
Schizophrenia, F 20.0
62 years / male / outpatient
§ Smoker, but stop of smoking because of 

severe cough               
§ Olanzapine
§ Dose increased from 10  to 20 mg/d 
§ Last change of dose:          1 week before
§ Last drug intake:                 50 hours before

olanzapine discontinued because of bike 
acccident (broken shoulder)

§ Clinical improvement:        Moderate
§ Side effects:      Not reported

Questions that can be answered using the TDM guidelines of the AGNP:
1. Indication for TDM?  
2. Enzymes involved in the degradation of olanzapine?
3. Concentration of olanzapine in accordance with the dose? 
4. Does smoking have an impact on drug concentration? 
5. Other factors?
6. Interpretation and recommendations?

Laboratory result:
Olanzapine: 

115 ng/mL



TDM – Case                                   Olanzapine
Schizophrenia, F 20.0
62 years / male / outpatient
§ Smoker, but stop of smoking because of 

severe cough               
§ Olanzapine
§ Dose increased from 10  to 20 mg/d 
§ Last change of dose:          1 week before
§ Last drug intake:                 50 hours before

olanzapine discontinued because of bike 
acccident (broken shoulder)

§ Clinical improvement:        Moderate
§ Side effects:      Not reported

Questions that can be answered using the TDM guidelines of the AGNP:
1. Indication for TDM?  Yes
2. Enzymes involved in the degradation of olanzapine? CYP1A2
3. Concentration of olanzapine in accordance with the dose? No, higher
4. Does smoking have an impact on drug concentration? Yes
5. Other factors? Infection
6. Interpretation and recommendations?

Laboratory result:
Olanzapine: 

115 ng/mL
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Indications
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Therapeutic reference range 
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TDM – Case                                   Olanzapine
Schizophrenia, F 20.0
62 years / male / outpatient
§ Smoker, but stop of smoking because of 

severe cough               
§ Olanzapine
§ Dose increased from 10  to 20 mg/d 
§ Last change of dose:          1 week before
§ Last drug intake:                 50 hours before

olanzapine discontinued because of bike 
acccident (broken shoulder)

§ Clinical improvement:        Moderate
§ Side effects:      Not reported

Questions that can be answered using the TDM guidelines of the AGNP:
Intoxication, infection and cessation of smoking were indications for TDM. 
Enzymes involved in the degradation of olanzapine: CYP1A2
Concentration of olanzapine was much higher than expected.
Dose increase, cessation of smoking and infection all increased the 
concentration of olanzapine leading to an intoxication. Suicidality seemed
unlikely. Thde patient can be re-expose to olanzapine under TDM control. 

Laboratory result:
Olanzapine: 

115 ng/mL
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This is not the end

TDM of antiepileptic and antipsychotic drugs


