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Purpose: Antipsychotic efficacy in schizophrenia depends on its availability in the body. 
Although therapeutic outcomes remain still far from satisfactory, therapeutic drug monitoring 
is not a common part of clinical practice during treatment with long-acting injectable 
antipsychotics (LAI AP). The real effectiveness of LAI AP is thus uncertain.
Patients and Methods: We made a retrospective evaluation of plasma levels of LAI AP. 
Collection of blood samples was performed just before the drug application and one week later. 
Forty patients with a stabilized clinical condition and steady-state plasma levels were included.
Results: In the observed cohort of patients, flupentixol decanoate (n = 23) was the most 
often used drug, followed by fluphenazine decanoate (n = 7), haloperidol decanoate (n = 5), 
paliperidone palmitate (n = 3), and risperidone microspheres (n = 2). Just 5 of 40 patients 
were treated with a monotherapy. In the period before the application, 60% of the patients did 
not reach the therapeutic reference range (TRR) and 20% of the patients had an undetectable 
plasma level. At the time of collection of the second blood samples performed after 7 days, 
24% of the patients were under the TRR.
Conclusion: We have found a surprisingly high incidence of plasma levels under the TRR 
in patients treated with LAI AP. Notwithstanding individual variability in pharmacokinetics, 
it seems that LAI AP may be underdosed in usual clinical practice.
Keywords: therapeutic drug monitoring, antipsychotics, psychotic disorders, schizophrenia

Introduction
Therapeutic drug monitoring (TDM) is a method of optimization and individualiza-
tion of pharmacotherapy, the use of which in psychiatry is encouraged by the 
frequent need of treatment not only of the acute stage of the illness but also of long- 
lasting effective prophylaxis. Schizophrenia is one of the most serious psychiatric 
disorders and antipsychotics remain the first-choice drugs for its treatment.

However, there is strong interindividual variability in plasma levels of the 
psychopharmaceuticals administered in similar doses that can result in up to 
twentyfold differences.1 The fundamental recommendation for the use of TDM in 
psychiatry is based on the guidelines of “Arbeitsgemeinschaft für 
Neuropsychopharmakologie und Pharmakopsychiatrie” (AGNP) published in 
2017.1 Generally, TDM is indicated in cases of the proven relation between plasma 
level and clinical effect; when there exists a distinctive variability in pharmacoki-
netics; in cases of a narrow therapeutic window; in patients with a suspicion of poor 
adherence; when it is not possible to optimize the dose on the basis of clinical 
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observation only; when the toxic symptoms are difficult to 
recognize; and in cases of an altered clearance of the 
drug.1

A major problem in schizophrenic patients is their lack 
of insight and thus reduced adherence to treatment. Long- 
acting injectable antipsychotics (LAI AP) are used in the 
treatment of schizophrenia both for providing an effective 
antipsychotic treatment in non-adherent patients and for 
the reason of more advantageous pharmacokinetics – they 
avoid the “first-pass” effect and provide stable plasma 
levels during continuous release of the drug from the 
muscle depot. Apart from these advantages, this galenic 
form excludes the risk of overdosing in a suicide attempt 
and it generally reduces the risk of relapse and the number 
of rehospitalizations when compared to oral forms.2 In the 
mirror-analysis by Poloni et al,3 there was a substantial 
reduction for all considered variables (accesses to ER, 
number and length of hospitalizations and compulsory 
admissions) in the 12-month period following the intro-
duction of LAI AP treatment compared to the period 
before it. However, the advantages of the LAI forms 
were recently questioned by the results of an extensive 
meta-analysis4 where neither better tolerance nor effec-
tiveness were found for individual drugs when compared 
to oral forms. Aripiprazole (reduced number of drop-outs 
for any reason) and risperidone (reduced incidence of 
hyperprolactinemia) were the only exceptions. On the 
other hand, it is not possible to change the dosing of LAI 
AP flexibly if adverse effects occur.5

The LAI AP are currently prescribed to a broader 
spectrum of individuals, among patients with higher func-
tional levels or shorter courses of disease and also to those 
with other diagnoses besides schizophrenia (eg bipolar 
disorder).6 Moreover, second-generation LAI AP are 
more frequent in younger patients, employed, with higher 
levels of an affective component, and a lower number of 
past LAI AP prescribed.6 Similarly, there are some differ-
ences in use among second-generation LAI AP. For 
instance, in the STAR Network Depot Study, treatment 
with paliperidone palmitate once-monthly was associated 
with higher levels of both positive and negative symptoms 
compared to the aripiprazole monohydrate.7

In outpatient care, LAI AP are perceived as a therapeutic 
tool that enhances the probability of effective prophylaxis 
because they overcome the problem of adherence control 
and provide more stable plasma concentrations. However, 
the plasma levels of all drugs tend to diverse inter- 
individually1 and the TDM of LAI AP is still not used as 

routinely as in oral AP. Therefore, we analysed the plasma 
levels of LAI AP obtained in outpatient settings in 2015, 
when we started TDM, to elucidate the dose-concentration 
relationship of LAI APs and to evaluate the accuracy of their 
dosage used in common clinical practice.

Patients and Methods
We conducted a retrospective evaluation of plasma levels 
of LAI AP in individuals treated in the outpatient ward of 
the psychiatric department of the University Hospital 
Ostrava (Czech Republic).

We selected the results of TDM in LAI AP obtained 
in 2015 within the usual regimen of TDM in LAI AP in 
our department; it means blood was taken twice within 
one cycle of drug administration – on the day of admin-
istration (before administration) and 7 days later. We 
included the results of TDM in patients of both sexes, 
over 18 years of age, and with a diagnosis of schizo-
phrenia and related disorders (F2x.x). The diagnosis was 
assessed by a fully-qualified psychiatrist, according to 
the ICD-10.8 We evaluated the plasma levels of all LAI 
AP available in the Czech Republic at that time. Other 
inclusion criteria were at least three months' treatment 
with the agents, which is enough to reach the steady- 
state, and the absence of any treatment changes during 
this period. The patients had to adhere to the dates of 
application with a tolerance of ± 2 days.

Patients using the same drug in both LAI and oral form 
concurrently were excluded. A concurrent long-term use 
of different psychopharmaceuticals was permissible.

Inclusion Criteria
● Treatment with LAI AP for at least 3 months without 

dose/frequency changes
● A blood sample obtained within the usual regimen of 

TDM in LAI AP
● Age of at least 18 years
● Diagnosis of schizophrenia and related disorders 

(F2x.x)
● Adherence to the date of application with a tolerance 

of ± 2 days

Exclusion Criterion
● Using the same drug in both LAI and oral form 

concurrently

After obtaining the blood samples, the specimens were 
immediately sent for further processing to the Department 
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of Clinical Pharmacology, where they were analysed using 
the ultra-performance liquid chromatography-tandem mass 
spectrometry method.9 This method has been fully vali-
dated and is used for routine analysis at the University 
Hospital Ostrava. In the case of risperidone, the sum of 
a parent compound and an active metabolite was taken 
into account.

Assessment of the plasma levels according to the sche-
dule described above was a part of the usual clinical practice 
for TDM in both LAI and oral antipsychotics, and was 
routinely used for the evaluation of adequate pharmacother-
apy. All patients whose data were included in the study 
signed an informed consent form at the time of their admis-
sion to outpatient care, in which they agreed to the processing 
of their data for research reasons. The use of anonymised 
data was approved by the Ethical Committee of the 
University Hospital Ostrava (1130/2019).

Descriptive statistics were used for data processing. 
Patient representation was described by absolute and/or 
relative frequencies in each group, where 95% Clopper– 
Pearson confidence intervals (CI) were added.

Results
A total of 40 patients (23 men and 17 women), with an 
average age of 45±13 years, fulfilled the inclusion criteria. 
The second blood-taking was performed in 37 of them 
because 3 patients refused to have their blood sample 
collected or did not show up.

The included individuals were most often treated with 
flupentixol decanoate (n = 23), then fluphenazine decano-
ate (n = 7), haloperidol decanoate (n = 5), paliperidone 
palmitate (n = 3), and risperidone microspheres (n = 2). 
The average intervals between applications were 21 days 
in flupentixol, 24 days in fluphenazine, 18 days in paliper-
idone, and 14 days in risperidone.

Regarding the first blood samples obtained (just before the 
regular administration of LAI AP), the recommended thera-
peutic reference range (TRR) was not achieved in 24 patients 
(60.0%, CI 43.3–75.1%) and 8 of them (20.0%, CI 9.1–35.6%) 
actually had undetectable plasma levels. In the case of 
the second blood-taking (1 week later), 9 patients (24.3%, CI 
11.8–41.2%) did not achieve the TRR, no patient had an 
undetectable level, and, in 1 patient, the plasma level exceeded 
the TRR. Only 5 patients (12.5%, CI 4.2–26.8%) were treated 
with a monotherapy of LAI AP: flupentixol decanoate was 
given to 4 of them and haloperidol decanoate was given to 1 
patient. The rest of the cohort was also treated with an oral AP, 
with a different agent. The plasma levels of all 5 patients 

treated with the monotherapy were under the TRR at time of 
the first blood-taking; in the case of 1 patient treated with 
flupentixol decanoate and 1 patient with haloperidol decano-
ate, the levels were actually undetectable. Concise plasma 
levels are included in Table 1 and in a summary in Table 2. 
The socio-demographic characteristics of the cohort are pro-
vided in Table 3.

The vast majority of applied agents were indicated in 
accordance with the Summary of Product Characteristics. 
One diagnosis of acute and transient psychotic disorder 
and one of bipolar disorder were the only exceptions; 
however, we found an apparent development in relation 
to paranoid schizophrenia and schizoaffective disorder 
when we re-examined these cases in more detail.

Discussion
In the presented study, we performed a retrospective ana-
lysis of plasma levels of LAI AP. The results of the 
patients treated at the outpatient psychiatric ward of the 
University Hospital Ostrava were included. The choice of 
a specific LAI AP depends on the clinical features of the 
patient as well as on the experiences and preferences of 
individual physicians on outpatient or inpatient wards, 
because LAI AP are often administered for the first time 
during hospitalization.

The results obtained may be deemed surprising 
because the plasma levels before regular administration 
did not reach the lower borderline of the TRR in more 
than half of the patients, even though the recommended 
dosing was maintained. It is necessary to bear in mind the 
fact that the TRR has been established for oral prepara-
tions. In one-fifth of patients, the levels were actually 
undetectable, and thus the administration of LAI AP 
most certainly does not fulfil its basic aim in these cases, 
ie to ensure a permanent presence of the effective agent in 
the patient's body. Similar results have also been presented 
recently for oral antipsychotics,10 revealing a pseudo- 
resistance in patients with schizophrenia. However, the 
main reason for low concentrations of an oral medication, 
ie insufficient treatment adherence, can be excluded in the 
case of LAI AP.

Nevertheless, even subtherapeutic plasma levels might 
be effective in some patients, according to the definition of 
TRR.1 But the TRRs have been defined for oral prepara-
tions with their pharmacokinetic properties, and it is pos-
sible that the TRR of LAI AP could be different.11 This is 
in accordance with the results of Marder et al,12 who did 
not observe a connection between the plasma levels of 
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Table 1 Concise Data of the 40 Patients Included in the Study

Drug Gender Dose 
(mg)

Interval 
(Days)

C-Min 
(ng/mL)

C-Max 
(ng/mL)

Smoking Other Medication

Fluphenazine M 25 21 2.16 0.85 N Quetiapine, levomepromazine, aripiprazole, clonazepam

M 25 21 0.3 0.6 Y Olanzapine, haloperidol, aripiprazole, clonazepam

F 25 21 0 0.3 Y Risperidone, quetiapine, tiapride, pregabalin

F 25 21 0.4 0.3 Y Sulpiride, tiapride, clonazepam, atorvastatin, omeprazole

M 25 28 0 0.3 Y Amisulpride, clozapine, olanzapine

F 25 28 0 0.2 Y Chlorprothixene, clozapine

M 25 28 0 No data N Clozapine, olanzapine, aripiprazole

Flupentixol M 40 14 0.5 3.0 Y Chlorprothixene, thiamazole, metoprolol, warfarin, pantoprazole

F 40 14 2.7 4.0 N Chlorprothixene, gliclazide, pioglitazone, sitagliptin

M 40 14 1.8 2.6 Y Levomepromazine, oxazepam, valproic acid

M 40 14 1.1 3.15 Y Olanzapine, tianeptine, clonazepam, cyproterone acetate

F 40 14 1.26 2.73 Y Olanzapine, clonazepam, sertraline, metformin, omeprazole, 

metoclopramide

M 40 14 0.9 4.3 N Olanzapine

F 40 14 1.5 1.6 Y Quetiapine, valproic acid, biperiden

F 40 14 0.9 1.6 N Aripiprazole

F 40 21 1.0 0.8 Y Amisulpride, perindopril/amlodipine, bisoprolol

F 40 21 0.5 1.58 Y Levomepromazine, alprazolam, escitalopram, levothyroxine, 

metformin, telmisartan, atorvastatin, nitrendipine

M 40 21 0.3 2.75 N Risperidone, quetiapine, clonazepam, semaglutide, linagliptin/ 

metformin, glimepiride, atorvastatin

F 40 21 2.4 5.6 Y Sulpiride, clonazepam

M 40 21 1.49 3.95 Y Risperidone, olanzapine, valproic acid, clonazepam

M 40 21 0.3 2.4 Y Clozapine, clonazepam

F 40 21 0.5 1.3 Y 0

F 40 28 0.5 4.8 Y Fenofibrate, metformin

M 40 28 0 1.4 N Zotepine, clozapine

F 40 28 0.5 1.3 N 0

M 40 28 0 3.6 Y Haloperidol, olanzapine, levomepromazine, clozapine, theophylline, 

insulin

F 40 28 0.3 1.5 N Olanzapine

M 40 28 0.34 14.28 N Olanzapine, clonazepam

M 40 28 0.6 No data N Quetiapine, clonazepam

F 40 28 0 4.82 Y 0

(Continued)
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fluphenazine decanoate and its clinical or adverse effects, 
and assumed that even the low (subtherapeutic) plasma 
levels of LAI fluphenazine may be effective. Also, the 
effect of low doses of flupentixol in the treatment of 
anxiety and depressive disorders is well known.13

Especially in cases of monotherapy associated with 
low levels of LAI AP, it is possible to ask whether the 
stabilized clinical condition is a consequence of an effec-
tive prophylaxis or whether it is achieved because of the 
natural course of the disease. The self-evident need of 

chronic antipsychotic prophylaxis was called into ques-
tion, eg in the naturalistic observational study performed 
by Harrow et al.14 On the other hand, regular visits to the 
outpatient department are considered to be one of the 
favourable factors in patients treated with LAI AP. 
During these regular visits, the medical staff are also 
able to recognize the first signs of possible worsening of 
the clinical condition.

Combined therapy using LAI AP and oral AP is used in 
a third to a half of patients in clinical practice11,15 and actually 

Table 1 (Continued). 

Drug Gender Dose 
(mg)

Interval 
(Days)

C-Min 
(ng/mL)

C-Max 
(ng/mL)

Smoking Other Medication

Haloperidol M 50 14 4.4 3.1 N Levomepromazine, clozapin, cetirizine

M 50 14 0 1.0 Y Insulin

M 50 14 1.6 No data N Melperone, quetiapine, clonazepam

M 50 21 5.2 2.8 Y Aripiprazole, levomepromazine, lithium, metoprolol, enalapril, 

allopurinol, gliquidone

F 50 28 2.54 0.95 Y Olanzapine

Paliperidone M 75 28 19.1 29.9 N Olanzapine

M 100 28 32.4 36.2 Y Olanzapine, aripiprazole, clonazepam

M 100 28 25.6 27.4 Y Clozapine, clonazepam

Risperidone F 25 14 13.1 16.2 Y Quetiapine, agomelatine

M 25 14 34.0 55.8 N Olanzapine, levomepromazine, clonazepam

Table 2 Summarized Data Regarding Individual LAI AP

Dosing First Blood Collection Second Blood Collection

Interval of 
Application (days)a

Dose  
(mg/Week)a

Number of 
Patients

Plasma Levels 
Under the TRR

Number of 
Patients

Plasma Levels 
Under the TRR

Flupentixol 
decanoate

21 ± 6 14.5 ± 4 23 15 22 0b

Fluphenazine 
decanoate

24 ± 4 7.4 ± 1 7 6 6 6

Haloperidol 
decanoate

18 ± 6 20.8 ± 6 5 1 4 1

Paliperidone 
palmitate

28 ± 0 22.9 ± 4 3 1 3 0

Risperidone 
microspheres

14 ± 0 12.5 ± 0 2 1 2 1

Total – – 40 24c 37 9

Notes: aData represent mean ± standard deviation. bIn 1 case plasma level above the TRR. cIn 8 cases undetectable plasma levels: fluphenazine 4, flupentixol 3, haloperidol 1. 
Abbreviation: TRR, therapeutic reference range.
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accounted for 87.5% of our cohort. Despite general recom-
mendations where monotherapy is preferred because of miss-
ing evidence regarding the combined treatment,16 

a combination of LAI AP and oral AP does not necessarily 
have to be associated with more adverse events, and may even 
lead to a lower number of drop-outs.12 Considering the high 
rate of patients receiving combined treatment, we supposed a 
rather supportive role of LAI AP in a general treatment strat-
egy, the aim of which was to reduce the risk of complete non- 
adherence. But the frequent use of a combination with the oral 
AP might also indicate a therapeutic hesitation regarding 
determination of a specific dose of LAI AP in a specific patient 
(if not using TDM) when relying on conversion recommenda-
tions only. This is contrary to the case of the short-acting 
agents, where the connection between the dose changes and 
the clinical effect is much more evident according to clinical 
practice. The more frequent use of the TDM in LAI AP 
treatment might help physicians to overcome this therapeutic 
uncertainty in this way.

The deviations in plasma levels can also be associated with 
drug or food interactions. In our study, we considered the 
comedication in patients with undetectable plasma levels 
only. We did not find the presence of any of the known 
inhibitors or inducers of the CYP 450 isoenzymes. Smoking, 
as a well-known inducer of CYP1A2, was not relevant to any 
of the followed antipsychotics.

Interesting results were found in the case of haloper-
idol. Its plasma levels declined surprisingly in the second 
blood sample (obtained one week after the initial admin-
istration) in 3 of 4 patients; in one patient, the plasma level 
was actually on the lower limit of the TRR (1.0 µg/L). An 
inconstant absorption from the muscle depot can be 
a possible explanation. In the case of fluphenazine, 
a subtherapeutic plasma level was observed in all patients 
even in the second blood samples, and so the overall 
dosing (including the single dose and interval of an appli-
cation) should be considered insufficient with respect to all 
of the above-mentioned limitations.

The study has several obvious limitations. The first is the 
size of the cohort and its diagnostic heterogeneity. Some of the 
subgroups (risperidone, paliperidone) were too small to 
undergo the statistical analysis. The collection of blood sam-
ples and their evaluations were performed analogically in 
relation to the oral medication, and the established regimen 
of TDM at our department did not respect the pharmacokinetic 
differences of individual agents but fitted well for everyday 
clinical use. As mentioned, the TRRs are established for oral 
preparations only. Also, we did not follow the body weight of 
the patients, we did not analyse all possible drug and food 
interactions in the whole cohort, and we did not follow the 
possible polymorphism of CYP 450 isoenzymes.

Conclusion
LAI AP are primarily used to exclude non-adherence and 
they should guarantee a sustained therapeutic plasma 
level of the drug. However, our results show interindivi-
dual differences in pharmacokinetics of this antipsychotic 
medication and emphasize the importance of using TDM 
in patients treated with LAI AP, especially in monother-
apy. Despite the small size and heterogeneity of the 
cohort, the obtained results raise a question regarding 
a possible underdosing of LAI AP, even when adhering 
to the dosing recommendations. This finding should form 
the basis for future research aimed at effective therapeu-
tic plasma levels in LAI AP.

Table 3 Socio-Demographic Data, Medical Comorbidity, and 
Substance Abuse of the Cohort

n (%)

Employment Employed 5 (12.5)
Part-time job 1 (2.5)
Unemployed 1 (2.5)

Invalid 32 (80)

Other 1 (2.5)

Living condition Family of origin 14 (35)
Own family 10 (25)

Alone 14 (35)

Institutional 2 (5)

Marital status Married 5 (12.5)
In a relationship 6 (15)
Divorced 8 (20)

Single 20 (50)

Widowed 1 (2.5)

Medical comorbidity Infectious disease 1 (2.5)
Endocrine/metabolic disease 17 (42.5)

Cardiovascular disease 9 (22.5)

Neurological disease 5 (12.5)
Gastrointestinal disease 9 (22.5)

Other 4 (10)

At least one medical comorbidity 28 (70)

Substance abuse Alcohol 7 (17.5)
Amphetamines 5 (12.5)
Cannabinoids 7 (17.5)

Other 1 (2.5)

No substance abuse 26 (65)
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