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Abstra ct

Introduction   Children and adolescents with multiple disabili
ties and mental disorders (CAMD) are frequently treated with 
antipsychotic drugs. However, CAMD are particularly suscep-
tible to serious adverse drug reactions (sADRs). This retrospec-
tive study examined the frequency of sADRs to antipsychotics 
in CAMD. Further, the potential preventability of these sADRs 
through therapeutic drug monitoring (TDM) and the potential 
socio-economic benefits of TDM were explored.
Methods   Routine clinical data of all patients treated at a spe-
cialized psychiatric clinic for CAMD between January 2017 and 
December 2018 were retrospectively examined. Data on the 
occurrence of sADRs (definition according to the European 
Medicines Agency), their causality with antipsychotics, as well 
as their preventability (Schumock criteria) were extracted from 
patient files. The prolongation of the hospital stay due to sADRs 
was calculated, and the cost savings were estimated if TDM had 
been applied. The data were based on a subsample of the KiD-
Safe project, supported by the Innovation Fund of the Joint 
Federal Committee, grant number 01NVF16021.
Results   One hundred two CAMD who were administered at 
least one antipsychotic drug during inpatient treatment were 
identified. Of these patients, 22 (21.6 %) sADRs with a possible 
causal relationship with the antipsychotic treatment were 
documented. Eleven sADRs (50 %) could potentially have been 
prevented through TDM. Mitigating sADRs through TDM likely 
would have prevented prolonged hospital stays and thus con-
ferred considerable savings for health insurance companies.
Discussion   The routine implementation of TDM is urgently 
recommended for antipsychotic treatment in CAMD to increase 
drug therapy safety.
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Introduction
Children and adolescents with multiple disabilities have a 3 to 4 
times higher prevalence of mental disorders compared to children 
without disabilities [1]. Treatment of mental disorders in these pa-
tients is challenging and often involves psychopharmacotherapy. 
Antipsychotic drugs are commonly prescribed ‘off-label’ for indi-
cations such as schizophrenia or challenging behaviors, like aggres-
sion [2, 3], which is associated with an increased risk of adverse drug 
reactions (ADRs) [3, 4]. Antipsychotics generally show an unfavora-
ble profile of ADRs with an increased risk in children and adoles-
cents compared to adults for endocrine, metabolic as well as neu-
rological complications (such as extrapyramidal motor symptoms, 
EPS) [5–7]. Children and adolescents with multiple disabilities and 
mental disorders (CAMD) are even more vulnerable to ADRs due 
to frequent comorbid somatic diseases such as epilepsy or congeni
tal heart defects [8]. Medications for those somatic conditions can, 
in turn, increase the risk of ADRs due to drug interactions. Moreo-
ver, in this group of ADRs, the efficacy and tolerability of medica-
tions are more difficult to assess due to the communicative impair-
ments of the patients, which can lead to suboptimal dosing or poly-
pharmacy.

Serious ADRs (sADRs) are defined here as fatal or life-threaten-
ing adverse reactions that require hospitalization or the prolonga-
tion of existing hospitalization, or lead to persistent or significant 
disability [9]. Due to the suspected high prevalence of (s)ADRs 
under antipsychotic treatment in CAMD, psychopharmacological 
therapy surveillance is important.

One potential tool to prevent (s)ADRs is therapeutic drug moni
toring (TDM). TDM determines whether drug levels are within a de-
fined drug-specific therapeutic reference range, outside of which 
ADRs are more likely to occur, or whether the drug is not efficacious. 
This instrument of pharmacovigilance is well-established in adult 
psychiatry [10, 11]. However, there are still no age-specific thera-
peutic reference ranges for minors [10] despite ongoing research 
[12, 13]. Until age- and indication-specific therapeutic ranges are 
defined for all psychotropic drugs, TDM is useful in child and ado-
lescent psychiatric patients to identify ’the therapeutic window of 
a patient, to reduce the risk of dose-dependent ADRs, control drug 
adherence, and in cases of polypharmacy [10, 13, 14]. The detailed, 
specific indications and practical guidelines for TDM can be found 
elsewhere [10, 13].

Studies with adult patients show that TDM is also useful from a 
health-economic point of view, as it can increase therapy efficien-
cy and, in antipsychotic treatment. in particular, safety [15–19] and 
thus save costs [20, 21].

This retrospective study aimed to examine the frequency of 
sADRs in CAMD treated with antipsychotics and the potential pre-
ventability of these sADRs through TDM. Furthermore, the prolon-
gation of the hospital stay due to sADRs was estimated, as well as 
the potential cost savings if TDM had been applied.

Methods

Study design
This monocentric, retrospective clinical cohort study was based on 
a child and adolescent psychiatric subsample (health care data of 

a special clinic for CAMD) of the KiDSafe project, which was ap-
proved by the Ethics Committee of the University of Wuerzburg 
(245/18). The data of the overall sample has been submitted else-
where. KiDSafe was funded by the Innovation Fund of the Joint Fed-
eral Committee (grant number 01NVF16021). The study was con-
ducted in accordance with the Declaration of Helsinki (World Medi
cal Association, 2013). No written informed parental consent was 
obtained because the routine clinical data were analyzed retrospec-
tively and anonymized before analysis. Approval was obtained by 
the local data protection officer prior to data extraction.

Study population
The study was carried out in the special clinic for CAMD, associated 
with the Department of Child and Adolescent Psychiatry, Psycho-
somatics and Psychotherapy of a University Hospital. Patients were 
included in this study if they were admitted to the special clinic be-
tween 2017 and 2018 and were prescribed an antipsychotic drug 
during their stay. For this reason, patients’ electronic medical re-
cords were screened. The study population included patients who 
were already receiving (multiple) antipsychotic medication on ad-
mission, as well as patients who had an antipsychotic (re)started, 
switched, or had their dose changed during the inpatient stay. Pa-
tient characteristics (age, sex), (main) psychiatric diagnosis, and 
all psychotropic drugs administered were recorded. Cognitive abi
lity was determined with standardized tests or were based on re-
cords or clinical impressions.

Frequency of serious adverse drug reactions
A checklist based on the Pediatric Adverse Event Rating Scale 
(PAERS) [22] was created. For all patients receiving antipsychotics, 
discharge letters, consultation reports, inpatient documentation, 
and clinical test reports (vital signs, laboratory parameters, ECG, 
and EEG) were reviewed to identify instances of possible serious 
adverse events with a possible causal relationship to the drug (con-
sidered as sADR) as defined according to EMA [9] and WHO [23]. A 
‘possible causal relationship’ describes a temporal relationship be-
tween the drug and the adverse event without ruling out that an 
underlying disease or other medication may be responsible for the 
event.

Potential preventability of serious adverse drug 
reactions
The Schumock score [24] was used to assess the potential prevent-
ability of a sADR (▶Table 1). The sequence of events from prescrip-
tion to administration to medication intake was assessed for errors 
according to seven criteria. If any of these criteria was fulfilled, the 
sADR was considered preventable. One medication could fulfill 
more than one criterion of preventability. Criterion 3 was consid-
ered fulfilled if no TDM was performed for the antipsychotic sus-
pected to be the cause of the sADR. In this case, the sADR was clas-
sified as ‘potentially preventable through TDM.’

Estimation of treatment prolongation due to sADRs and poten-
tial cost savings from their prevention

The ‘prolongation of the hospital stay’ due to the sADR was 
measured as the duration (in days) until the symptoms of the sADRs 
subsided after stopping the medication or reducing the dose. This 
was determined from the case documentation.
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To estimate the cost-saving potential by preventing sADRs 
through TDM, we calculated the ‘prolongation of the hospital stay’ 
of the patients in whom sADRs occurred and no TDM was per-
formed (Schumock Criterion 3). Saved costs were calculated by 
multiplying those prolonged days by the average base daily rate of 
the special clinic per patient based on the current German flat-rate 
remuneration system for psychiatry and psychosomatics (at least 
400 €/day).

Data analysis
Statistical analysis was performed using SPSS version 26. Descrip-
tive results are reported with mean, + /− standard deviation (SD), 
and range.

Results

Patient characteristics
During the survey period, 124 CAMD (65 % male, 69 % ≥ 12 years) 
were treated within the framework of a multimodal treatment con-
cept. One hundred two (82 %) were administered at least one an-
tipsychotic drug in monotherapy or polypharmacy during inpatient 
treatment. The characteristics of those patients are mentioned in 
▶Table 2. The most frequent diagnoses were developmental dis-
orders (ICD-10 F8). The vast majority of patients (91 %) had mild to 
moderate intellectual disabilities. The total number of antipsychot-
ic prescriptions in the 102 children and adolescents was 273. Sub-
stances used most often were pipamperone (n = 56), risperidone 
(n = 48) and aripiprazole (n = 44).

Frequency of serious adverse drug reactions
Among CAMD, 21.6 % (n = 22 out of 102), who were treated with 
one or more antipsychotic drugs experienced sADRs. ▶Table 3 
shows the severity criterion according to EMA [9]. In 16 cases, the 
ADR prolonged the patient’s inpatient stay, and in four cases, the 

ADR resulted in the patient’s admission. Two sADRs were life-
threatening, and one sADR was lethal.

Of sADRs, 95 % (n = 21) were somatic symptoms, and one was a 
psychiatric event. QTc prolongation and EPS were the most fre-
quent sADR. The frequency of the affected organ systems and the 
type of sADR are shown in ▶Table 3.
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▶Table 1	 Schumock score for assessing the preventability of adverse 
drug reactions [24].

Criterion 
number

Question Answer

1 Was the drug involved in the ADR not 
considered appropriate for the patient’s 
clinical condition?

yes/no

2 Was the dose, route, and frequency of 
administration not appropriate for the 
patient’s age, weight, and disease state?

yes/no

3 Was required therapeutic drug monitor-
ing or other necessary laboratory tests 
not performed?

yes/no

4 Was there a history of allergy or previous 
reactions to the drug?

yes/no

5 Was a drug interaction involved in the 
reaction?

yes/no

6 Was a toxic serum drug level documented? yes/no

7 Was poor compliance involved in the 
reaction?

yes/no

▶Table 2	 Characteristics of patients with multiple disabilities and mental 
disorders treated with antipsychotics (n = 102).

m ± SD

Age (years) 13.4 ± 3.5

 < 12 years, n = 33 (32 %)

 ≥ 12 years, n = 69 (68 %)

IQ (n = 56) 54.1 ± 12.7

Normal range (85–114): n = 1 93 ± 0

Borderline intellectual functioning (70–84): n = 2 74.0 ± 2.8

Mild intellectual disability (50–69): n = 33 60.0 ± 5.2

Moderate intellectual disability (35–49): n = 18 41.4 ± 5.0

Severe intellectual disability (20–34): n = 2 30 ± 0

n

Sex

Male 68

Female 34

Main psychiatric diagnosis (ICD-10)

Organic, including symptomatic mental disorders 
(F0)

1

Schizophrenia spectrum disorders (F2) 6

Affective disorders (F3) 2

Neurotic, stress, and somatoform disorders (F4) 3

Behavioral disorders with physical disorders and 
factors (F5)

2

Personality and behavioral disorders (F6) 3

Intelligence disorder (F7) 4

Developmental disorders (F8) 47

Behavioral and emotional disorders with onset in 
childhood and Adolescence (F9)

34

Diagnosis of epilepsy 22

Total number of antipsychotic prescriptions 273

Pipamperone (on-demand medication) 56

Risperidone 48

Aripiprazole 44

Melperone (on-demand medication) 32

Zuclopenthixol 27

Chlorprothixen (on-demand medication) 19

Quetiapine 16

Levomepromazine (on-demand medication) 11

Haloperidol 8

Olanzapine 8

Clozapine 2

Thioridazine 2

Tiapride 1

m = mean, SD = standard deviation, IQ = intelligence quotient.
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Antipsychotics linked to suspected serious adverse 
drug reactions
One hundred two patients received a total of 273 antipsychotic 
drug prescriptions. For 37 prescriptions, sADRs were reported 
(▶Table 2). The drug with the highest absolute number of suspect-
ed sADRs was the third-generation antipsychotic aripiprazole (9 
sADRs in 44 patients on aripiprazole; 20.5 %). Proportionately, the 
first-generation antipsychotic zuclopenthixol was most frequently 
associated with sADRs (7 sADRs in 27 patients on zuclopenthixol; 
25.9 %). Fifteen Patients with sADR (68.2 %) were administered 
more than one psychotropic drug.

Potential preventability of serious adverse drug 
reactions
According to the Schumock score, 95.5 % (n = 21) of the sADRs 
(n = 22) were potentially preventable (see ▶Table 3). In 11 of these 
cases, no TDM was performed (criterion 3). In 11 cases, avoidance 
of the interaction with co-medication could have prevented 
the sADR (criterion 5). In 10 cases, the antipsychotic drug linked to 
the sADR was not considered appropriate for the clinical condition 
of the patient (criterion 1). A dosing error was observed in seven 
patients (criterion 2). One patient showed a too-high serum level 
(criterion 6).

Prolongation of treatment by serious adverse drug 
reactions and estimation of cost savings due to 
therapeutic drug monitoring
For 16 patients, prolongation of the hospital stay due to a sADR was 
documented. In total, 246 ‘prolongation days’ until the complete 
resolution of sADR symptoms were documented. For 11 of those 
patients, sADRs were judged as ‘potentially preventable through 
TDM’ based on Schumock criterion 3 (n = 11). For nine patients, the 
prolongation of their stay resulted from a sADR, which could have 
been prevented with TDM, with a total of 100 prolongation days. 
Our findings indicate that the use of TDM could have reduced pa-
tient stays by 100 days for a total of nine patients (with 9 of 22 sADR 
recorded; 40.9 %), resulting in potential savings of approximately 
€40,000.

Discussion

Frequency and nature of serious adverse drug 
reactions under antipsychotic treatment
In our study, around 20 % of CAMD treated with antipsychotics for 
various psychiatric disorders suffered at least one sADR. This re-
flects the high vulnerability of ADRs in this group of pediatric pa-
tients and underlines the need for highly standardized therapy sur-
veillance.

EPS and QTc prolongation were the most frequently observed 
sADRs. Interestingly, in the TDM Vigil study [25], psychiatric (not 
somatic) sADRs were most frequently reported. In our sample, psy-
chiatric sADRs were very rare. One possible explanation is that psy-
chiatric sADRs are harder to recognize in patients with multiple dis-
abilities due to impairments of those patients in introspection and 
communication. Furthermore, in contrast to the prospective TDM 
vigil study, our investigation relied on retrospective excerpts from 

routine documentation. It is also possible that psychiatric ADRs are 
documented less frequently since they may be attributed to the 
underlying disability. It is, however, likely that CAMD are more 
prone to somatic ADRs [8].

The first-generation antipsychotic zuclopenthixol, which is not 
licensed for pediatric use, was most frequently associated with a 
sADR relative to prescription frequency. Notably, conducting TDM 
for this substance was not possible in our laboratory during the ob-
servation period, which may also have contributed to the high rate 
of sADR under zuclopenthixol treatment.

The purely descriptive results of our study suggest that typical 
antipsychotics, like zuclopenthixol, may be unsuitable for pediat-
ric patients, and second-generation atypical antipsychotics may 
be preferable, as recommended in guidelines [26]. However, this 
retrospective study was not suitable or intended to investigate the 
tolerability profile of different antipsychotics. Further prospective 
studies are needed to confirm the results.

Assessment of preventability of serious adverse drug 
reactions by therapeutic drug monitoring
Eleven patients who experienced a sADR did not undergo TDM. 
TDM is based on the assumption that there is a relationship be-
tween serum concentration and the clinical effects of a drug. The 
upper limit of the therapeutic range, if exceeded, warns of the oc-
currence of ADRs. However, TDM in pediatric patients is limited by 
the fact that reference ranges are defined for adults and are most-
ly not validated for children and adolescents and their specific in-
dications. Nevertheless, that TDM with the knowledge on adult ref-
erence ranges is valuable also in minors shows a representative ex-
ample of our sample: A 16-year-old patient with schizophrenia 
(ICD-10 F2) was treated with clozapine (750 mg/day) and suffered 
from a prolonged QTc (▶Table 3). The measured clozapine drug 
level (796 ng/mL) lay clearly above the reference range for adults 
(300–600 ng/mL) [21]. The dose was reduced, and the patient re-
covered. An association between serum concentration and ADRs 
has been demonstrated for clozapine [27, 28], haloperidol [29], 
olanzapine [30, 31], risperidone [32, 33], and ziprasidone [34], for 
example.

Age- or indication-specific therapeutic reference ranges for chil-
dren and adolescents have also been proposed for antipsychotics, 
e. g., for tiapride in the treatment of tic disorders [35], risperidone 
in the treatment of children and adolescents with impulsive-ag-
gressive behavior [36] and schizophrenia, and pipamperone in chil-
dren and adolescents with conduct disorder [37]. No TDM studies 
have been conducted specifically for CAMD. This critical topic war-
rants further research.

Sixty-eight percent of patients with documented sADRs were 
being treated polypharmacologically. Polypharmacology is the only 
indication for TDM specifically recommended for CAMD in the cur-
rent guidelines [26]. In four patients, both Schumock criterion 5 
(interaction) and criterion 3 (no TDM) were fulfilled. For example, 
a QTc prolongation occurred in a 15-year-old patient treated with 
zuclopenthixol, aripiprazole, and pipamperone (▶Table 3). As all 
these antipsychotics have the potential to cause concentration-de-
pendent QTc-prolongation [38], and a TDM would have been 
strongly indicated. Our results confirm the importance of TDM if 
polypharmacy is necessary.
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Cost-saving potential of therapeutic drug monitoring
In addition to enhancing patient safety and treatment efficacy, TDM 
has the potential to reduce unnecessary healthcare costs. Shorten-
ing hospital stays through TDM-guided antidepressant therapy has 
previously been shown in studies with adult patients [20, 39]. The 
estimation in our study supports the premise that TDM has signifi
cant cost-saving potential by reducing the frequency of sADRs and 
therefore preventing prolonged inpatient treatment in this particu-
lar patient population. Additionally, other indications for TDM, e. g., 
problems with adherence or relapse prevention [16, 17], have great 
potential for savings. The potential cost savings calculated in this 
study are approximately €40,000 for a 2-year survey period, includ-
ing 102 CAMD on antipsychotics. Therefore, the use of TDM can 
optimize pharmacotherapy to prevent and shorten inpatient stays. 
This health-economic benefit becomes even clearer when the costs 
of a serum concentration determination (25€ for physicians in Ger-
many) are compared with the daily rate of inpatient psychiatric 
treatment, which is more than 15 times higher in most specialized 
child and adolescent psychiatric clinics.

Limitations
The results of this study must be evaluated in the context of the 
limitations of a retrospective study. All data were based on the 
available routine case documentation. Thus, poor or biased docu-
mentation may have affected results. However, the department 
has previously participated in pharmacovigilance drug RCTs (TDM-
VIGIL), having substantially improved the standards for documen-
tation on drug treatment. Furthermore, as this was a monocentric 
study and only prescription patterns and drug monitoring of one 
highly specialized clinic were evaluated. Thus, these results may 
not be generalizable to other settings.

The causal relationship between sADR and antipsychotic treat-
ment was assessed using WHO criteria [23]. None of the cases had 
been classified as a ‘probable’ or ‘certain’ causal relationship. 
Therefore, most cases had only a ‘possible’ causal relationship to 
antipsychotic therapy. Accordingly, other causes (e. g., severe 
chronic somatic disorders) could also be responsible for the occur-
rence of severe events. However, the assessment using WHO cri-
teria is a standardized process, which is also used in pharmacovigi
lance practice in the EU. In some cases, more than one antipsy
chotic or other psychotropic drugs were suspected of causing the 
sADR.

It is also not known whether TDM could have actually prevent-
ed sADRs. We do not possess information on whether the reason 
for the sADR was an overdose or a drug interaction. A further limi-
tation is the lack of age- and indication-specific therapeutic refer-
ence ranges.

Regarding the role of TDM in the prolongation of stays and cost-
saving potential, results have to be interpreted carefully. The dura-
tion of inpatient stay may also have depended on other factors not 
recorded in this study (e. g., symptom aggravation irrespective of 
medication). Also, in some cases, TDM was not the only fulfilled cri-
terion of preventability. So, preventability by TDM and, thus, the 
cost-saving potential of TDM may have been overestimated. More-
over, the calculation of the cost savings was based only on round-
ed rough estimates. However, the lowest estimated value for the 
special clinic’s average base daily rate per patient was used. Nowa-

days, the daily rates are already significantly higher. In addition, 
there are still the costs of TDM to consider, which are, however, 
comparatively low.

Conclusion
sADRs in CAMD are frequent and a reason for concern. Many of 
those sADRs may be potentially preventable through TDM. It is 
therefore recommended that TDM is implemented in daily clinical 
practice for this particularly vulnerable group of minors in order to 
increase medication safety while reducing healthcare costs. Pro-
spective studies are needed to confirm our results regarding the 
frequency and type of sADRs as well as the benefits of TDM.
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