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Introduction
Antidepressants and antipsychotics are widely prescribed, both on- 
and off-label, to children and adolescents worldwide for a variety of 
indications such as mood disorders, anxiety disorders, behavioral 
disorders, or psychosis [1, 2]. Although several meta-analyses con-
tributed to a deeper understanding of their efficacy and safety [3–5] 
much uncertainty remains in the pediatric population in daily clini-
cal practice [6, 7]. At the moment of approval of a new drug, the 
knowledge about its benefit-risk ratio is far from complete since the 
pre-approval studies were usually carried out with a relatively small 
number of highly selected patients and with a short follow-up [8, 9]. 
Especially, information about serious and long-term adverse drug 
reactions (ADRs) is sparse [10]. Minors, as well as patients with intel-
lectual disabilities, suicidal ideation, severe somatic comorbidities, 
or polypharmacy, are usually not included in clinical trials, but com-
mon in psychiatric practice [11], where the patients are not only 
much more heterogeneous [11, 12] but are often treated for longer 
periods and monitored less closely than in trials.

In addition, off-label prescribing is very common in child and 
adolescent psychiatry, with frequencies of around 50 % for antide-

pressants [13–15] and up to 95 % for antipsychotics [14, 16] in 
European studies. This is concerning, as off-label prescribing ex-
poses patients to unknown risks of ineffective or even harmful 
treatment [3, 17, 18]. Safety concerns may also lead to the delay, 
underuse, or rejection of potentially effective psychotropic drug 
treatments [3, 4], which can negatively affect long-term results 
[19, 20]. Moreover, psychotropic drugs are among the types of 
medication for which ADRs were most commonly reported in chil-
dren and adolescents [10, 21]. Treatment during a period of life 
when the patient undergoes marked developmental, hormonal, 
and neurobiological changes often requires dosing regimens dif-
ferent from adults and may result in burdensome and potentially 
severe ADRs, which in minors may differ in frequency, severity, and 
nature from those in adults [22]. For example, children treated with 
antipsychotics seem to have a greater risk of cardio-metabolic [23] 
and endocrine disturbances [24] like weight gain or type 2 diabe-
tes mellitus [25], as well as neurological complications, e. g., som-
nolence, compared with adults [26, 27]. The perceived severity of 
ADRs and their impact on daily lives in pediatric patients may also 
differ from that in adults. The possibly increased risk of suicidal ide-
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Abstract

Introduction   Despite the growing evidence base for psycho-
tropic drug treatment in pediatric patients, knowledge about 
the benefit-risk ratio in clinical practice remains limited. The 
‘Therapeutic Drug Monitoring (TDM)-VIGIL’ study aimed to 
evaluate serious adverse drug reactions (ADRs) in children and 
adolescents treated with antidepressants and/or antipsychot-
ics in approved (‘on-label’), and off-label use in clinical practice.
Methods   Psychiatric pediatric patients aged 6-18 years treat-
ed with antidepressants and/or antipsychotics either on-label 
or off-label were prospectively followed between October 2014 
and December 2018 within a multicenter trial. Follow-up in-
cluded standardized assessments of response, serious ADRs 
and therapeutic drug monitoring.
Results   710 youth (age = 14.6 ± 2.2 years, female = 66.6 %) were 
observed for 5.5 months on average; 76.3 % received antidepres-
sants, 47.5 % antipsychotics, and 25.2 % both. Altogether, 55.2 % 
of the treatment episodes with antidepressants and 80.7 % with 
antipsychotics were off-label. Serious ADRs occurred in 8.3 % 
(95 %CI = 6.4–10.6 %) of patients, mainly being psychiatric ad-
verse reactions (77.4 %), predominantly suicidal ideation and 
behavior. The risk of serious ADRs was not significantly different 
between patients using psychotropics off-label and on-label 
(antidepressants: 8.1 % vs. 11.3 %, p = 0.16; antipsychotics: 8.7 % 
vs 7.5 %, p = 0.67). Serious ADRs occurred in 16.6 % of patients 
who were suicidal at enrollment versus 5.6 % of patients who 
were not suicidal (relative risk 3.0, 95 %CI = 1.9-4.9).
Conclusion  Off-label use of antidepressants and antipsychot-
ics in youth was not a risk factor for the occurrence of serious 
ADRs in a closely monitored clinical setting. Results from large 
naturalistic trials like ours can contribute to bridging the gap 
between knowledge from randomized controlled trials and 
real-world clinical settings.
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ations and behaviors in childhood and adolescence when starting 
selective serotonin reuptake inhibitors (SSRIs) has received much 
attention and led to safety alerts by regulatory agencies, despite 
uncertainty about causality [28, 29].

Given these critical safety issues with potentially high impact on 
the individual patient and the resulting burden on health care sys-
tems, the importance of short- and long-term drug safety moni-
toring as well as the introduction of efficient pharmacovigilance 
methods in pediatric trials and as part of routine clinical practice 
have been increasingly recognized [21, 22, 27, 30, 31]. However, 
surveillance on ADRs is far from optimal, as appropriate monitor-
ing practices are not yet established or were found to be inconsist-
ent, and underreporting is still an unsolved problem [32, 33].

It is often assumed that the incidence and risk of ADRs are even 
higher in patients treated off-label than in individuals treated on-
label, as there are many potential problems associated with off-la-
bel treatment including the unavailability of appropriate pediatric 
drug formulations, poor prescribing information, and the risk of 
medication errors [34]. However, there is still a lack of clarity sur-
rounding off-label use in the pediatric population due to the limit-
ed number of available studies, small samples, different methodo
logies and settings, varying definitions of ADRs, and off-label use 
in different studies [35], leading to controversial results [34, 36–
39]. However, all authors concluded that there is an urgent need 
for more research and stricter reporting and monitoring of ADRs 
for drugs prescribed off-label in children and adolescents [40].

In child and adolescent psychiatry, there are hardly any prospec-
tive pharmacovigilance studies, and the risks of ADRs associated 
with especially off-label prescribing of psychotropic drugs in mi-
nors are unclear [41]. Therefore, the objective of this prospective 
multicenter registry study was to evaluate suspected serious ADRs 
in children and adolescents treated with antidepressants and/or 
antipsychotics used in off-label or approved (on-label) use in daily 
clinical practice.

Methods

Setting and study population
This study was part of the therapeutic drug monitoring (TDM)-VIG-
IL study, which was funded by the German Federal Institute for 
Drugs and Medical Devices (BfArM-number V-15322/68605/2013-
2018) and consisted of two subprojects. The overall goal of the first 
subproject was to investigate the (long-term) safety of antidepres-
sants and antipsychotics in children and adolescents treated in daily 
clinical practice by a phase-IIIb/IV “large simple trial” (EudraCT 
2013-004881-33) including standardized patient assessment and 
therapeutic drug monitoring (TDM). The second subproject aimed 
to evaluate the safety profile of psychostimulants and other drugs 
to treat attention-deficit/hyperactivity disorder. As these drugs are 
approved in children and adolescents, a prospective investigation 
was possible within an observational trial (BfArM-number 
73.05/3832-397285/12).

This paper reports the design and main results of the first sub-
project. The study was conducted between October 2014 and De-
cember 2018 in 18 child and adolescent psychiatric centers in Ger-
many, Austria, and Switzerland, forming the TDM-VIGIL consorti-

um [42]. The consortium consisted of nine university departments, 
eight general hospital departments and a private specialist prac-
tice, all being members of the competence network for TDM in child 
and adolescent psychiatry (www.tdm-kjp.com), which has been 
described elsewhere [43]. All inpatients, day-unit patients, and out-
patients aged 4–18 years for whom it was intended to start treat-
ment with a new antidepressant or antipsychotic (including switch-
ers) were eligible. Parents or legal guardians and, in the case of ad-
olescents aged 14 and above, also the patients themselves had to 
provide informed consent for participation. The only exclusion cri-
teria were an absolute contraindication to the drug and participa-
tion of the patient in another clinical trial. Recruitment of 1,000 
patients was planned. The independent ethics committees of all 
participating centers approved the study, which was carried out in 
accordance with the principles of Good Clinical Practice and the 
Declaration of Helsinki.

Study design and assessment of patient 
characteristics
The study included five main visits during routine treatment: (i) 
baseline, i. e., before the first dose of the new medication, ii) at the 
target dose in a steady-state of the clinically chosen medication 
(i. e., after at least 5 half-lives of the last dose increase), iii) at dis-
charge/end of outpatient treatment, iv) at follow-up two weeks 
after discharge (FU2-weeks), and at follow-up 6 months (FU6-
months) after the last steady-state visit. Additionally, a non-bind-
ing number of additional visits was permitted. At each visit, a stand-
ardized assessment of clinical response, ADRs, and drug serum con-
centration (except FU2-weeks) was performed (▶Fig. 1).

At baseline, psychopathological and physical examinations were 
conducted, and basic demographic information (e. g., age, sex, in-
telligence level), nicotine and drug abuse as well as the presence of 
acute suicidality were collected clinically. The next visit took place 
when the (provisional) target dose and steady-state of the study 
medication were reached. Additional steady-state visits had to be 
performed after medication changes, in case of (serious) adverse 
events and at discharge. The number of steady-state visits, the time 
intervals between these, and thus, the follow-up period varied be-
tween patients depending on the clinical course. Psychiatric diag-
noses were made clinically and coded according to the Internation-
al Classification of Diseases (ICD-10) [44]. Safety parameters (vital 
signs, body size, body weight, BMI) and somatic diseases were col-
lected at every visit (▶Table 1). To document the severity and 
change of the patients’ psychopathology the Clinical Global Im-
pression subscales for severity and improvement (CGI-S and CGI-I) 
[45] were used. The Global Assessment of Functioning Scale (GAF) 
[46] was used to assess the everyday-effectiveness of the study 
medication. Drug adherence was assessed at each visit and objec-
tified by TDM. Serum concentrations were determined according 
to the consensus guidelines for TDM in neuropsychopharmacology 
[47] by the TDM-laboratory of the University Hospital Wuerzburg, 
which offers a comprehensive TDM-service including specialist di-
agnostic interpretation and advice.

Study medication
Antidepressants and antipsychotics - defined according to the an-
atomical therapeutic chemical (ATC)-code N06A and N05A, exclud-
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ing lithium [WHO Collaborating Centre for Drug Statistics Method-
ology, www.whocc.no] - were prescribed upon clinician’s choice 
either on- or off-label based on clinical judgment. The study pro-
tocol had no influence on the selection of the active substance, for-
mulation, dosing regimen, and frequency, nor the duration of use. 
Both, combination therapy with different antidepressants and/or 
antipsychotics, as well as simultaneous treatment with other psy-
chotropic (e. g., psychostimulants, benzodiazepines, mood-stabi-
lizers) or somatic drugs, were permitted and prescription details 
were recorded in the medication log. Each treatment episode (i. e., 
administration of the same active substance at the same or differ-
ent doses with a maximum of one-day interruption) of the study 
medication was classified as either on-label or off-label. Off-label 
treatment was defined as use either outside the approved age 
range, to treat symptoms or illnesses different from the approved 
ones, or use longer than the approved treatment duration (i. e., in 
case of risperidone that is only approved in Germany for 6 weeks in 
patients with intellectual disability). Off-label status was retrospec-
tively evaluated according to the German regulatory authorization 
status (summary of product characteristics). Polypharmacy was 
defined as ≥ 7 days of concomitant use of ≥ 2 different psychotrop-
ic drugs.

Assessment of ADRs and clinical response
The Pediatric Adverse Event Rating Scale (PAERS), a semi-structured 
interview designed to assess any possible type of adverse events 
(AEs) in pediatric patients treated with psychotropic drugs, had to 
be administered at every visit [48]. The severity of the symptoms, 
functional impairment, and suspected connection with the medi-
cation were assessed for each AE. If an AE was judged as 'severe' or 
'extremely severe' using PAERS, regardless of whether or not the 

▶Table 1	 Assessment instruments and frequency

Baseline Steady State 
visit 1-x

Discharge FU2-weeks FU6-months

Standardized assessments
Patient characteristics (e. g., age, sex, setting, intelligence) X X X X

Clinical parameters (e. g., weight, height, pulse, blood 
pressure)

X X X X

ICD10 diagnoses, target symptoms of medication X X X

TDM form (assessment of serum concentration) X X X X

Pediatric Adverse Event Rating Scale (PAERS) X X X X X

Clinical Global Impression Scales Severity and 
Improvement (CGI)

X X X X X

Global Assessment Functioning Scale (GAF) X X X X X

diagnostic interview (by phone) X

Case documentation

Psychotropic medication protocol X X X X X

Somatic medication protocol X X X X X

End of study documentation form 

Continuous safety assessment

AE/SAE *  screening form X X X X X

AE/SAE reporting form X X X X X

AE/SAE progress documentation form X X X X X

 * AE: adverse event/SAE: severe adverse event; FU: follow-up; ICD: International Classification of Diseases; TDM: therapeutic drug monitoring

Inclusion criteria

Enrollment (n = 751)

Baseline visit (n = 710)

Exclusion (n = 41)
(e.g. screening failure)

Protocol violation (n = 12)
Withdrawal of consent (n = 7)

Loss of follow-up (n = 9)
Cancellation by the investigator*

(n = 23)

Protocol violation (n = 15)
Withdrawal of consent (n = 22)

Lost of follow-up (n = 66)
Cancellation by the investigator*

(n = 51)

Protocol violation (n = 6)
Withdrawal of consent (n = 24)

Lost of follow-up (n = 93)
Cancellation by the investigator*

(n = 89)

Steady-State-
Visit 1-x** (n = 659)

Follow-Up 1*** (n = 505)
(2 weeks after discharge)

Follow-Up 2 (n = 293)
(6 months after steady state)

Exclusion criteria

– 4 – 18 years old

– Absolute contraindications
– Participation in another clinical trial

– Any patient intended to treat with or to switch to
   an antidepressant and/or an antipsychotic

▶Fig. 1	 Patient disposition, visit plan, and course of study. * com-
prises cancellation due to non-response, ADRs, patient non-compli-
ance and end of project; ** Steady-State-visit 1 at target dose, fol-
lowed by an optional number of steady state visits 2-x according to 
the clinical needs and an obligatory visit at discharge (at the end of 
outpatient treatment episode, respectively); *** In 26 patients no 
Follow-Up 1 but Follow-Up 2 was performed.
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symptom was judged as being related to the psychiatric medica-
tion, the study protocol requested the completion of a separate 
form for screening and documentation of serious adverse events 
(SAEs). An SAE was defined according to the definition in human drug 
trials (www.fda.gov/safety/medwatch/howtoreport/ucm053087.
htm) as an unfavorable event that results in death, is life-threaten-
ing, requires hospitalization or prolongation of an existing hospital 
stay, leads to persistent or significant disability, congenital anom-
aly, or another important medical condition. As soon as a SAE was 
recognized, clinicians had to fill out the SAE-reporting form accord-
ing to the German medical agency (BfArM). SAEs were classified 
according to the Medical Dictionary for Regulatory Activities (Med-
DRA, version 22.0), and measures taken to address them as well as 
their outcome were documented. SAEs were reported to the su-
pervisory authorities and ethics committees in accordance with 
the legal requirements of the respective country. The likelihood 
that the SAE was a serious ADR, i. e. that the suspected drug may 
have caused the adverse event, was assessed by the local investi-
gator and finally validated by the study board using the algorithm 
of the WHO-UMC-Causality Assessment [https://cdn.who.int/
media/docs/default-source/medicines/pharmacovigilance/who-
causality-assessment.pdf)]. SAEs assessed as ‘probable’ causality 
(i. e., event with reasonable time relationship to drug intake unlike-
ly to be attributed to disease or other drugs) or ‘possible’ causality 
(i. e., event with reasonable time relationship to drug intake, al-
though it could also be explained by disease or other drugs) were 
classified as serious ADRs. To record the impact of ADRs on the pa-
tients’ overall functioning, the corresponding questions of the CGI-
efficacy index had to be answered for each study drug at each visit 
[71].

Data management and statistical analysis
An internet-based patient registry (secuTrial-system) was used for 
data acquisition, which met all legal requirements according to 
GCP, the European Medicines Agency, the US Food and Drug Ad-
ministration, and the German Medicines Act. Data were entered 
directly into the electronic Case Report Forms by authorized staff, 
who were given access to the registry after special training. Data 
monitoring was carried out by the Center for Clinical Studies at the 
University Hospital Wuerzburg. The sample distributions of pa-
tients' characteristics, variables, and scores, which were recorded 
as quantitative data at ordinal, nominal, or ratio scales, were de-
scribed by appropriate summary statistics as location parameters 
and measures of variation. Summary statistics were given stratified 
by age cohorts, sex, medication groups, and visits. Interval esti-
mates for proportions of SAEs and serious ADRs were given as 95 % 
confidence intervals (95 %CI) using the Wilson score method. The 
primary endpoint was the proportion of patients who had at least 
one serious ADR during on- and off-label treatment. We compared 
distributions, proportions, and mean values between independent 
groups (Type III F-test, tests of the Wald-type) or between paired 
samples (Friedman-test, Wilcoxon-signed rank test). Categorical 
data were displayed in contingency tables and, where applicable, 
chi-square tests were used to examine whether there was an asso-
ciation between variables or groups. Statistical significance was de-
fined as p < 0.05 (two-sided) without adjustments for multiple test-

ing. Statistical analysis was carried out using the software IBM SPSS-
Statistics 25 and SAS 9.4.

Results

Characteristics of the study population
Altogether, 710 patients (66.6 % girls, 77.5 % inpatients) with a 
mean age of 14.6 (range 6–18) years were included; 8.9 % were 
children younger than 12 years. The most common psychiatric di-
agnoses were depressive disorders in about 70 % of the patients, 
followed by eating (22 %), behavioral (16 %), and anxiety (15 %) dis-
orders. At enrollment, 25.5 % were clinically judged to be suicidal. 
Relevant concomitant somatic diagnoses were reported in 13.2 %, 
especially broncho-pulmonary diseases, endocrine disorders, or 
digestive system diseases. 43.3 % of the children and adolescents 
received psychotropic polypharmacy. Patient follow-up was on av-
erage 5.5 months (range 1–936, median = 157.0, interquartile 
range = 52.0–239.5 days). The distribution of patients across the 
centers as well as the patients’ baseline characteristics are summa-
rized in ▶Table 2.

Study medication
Seven hundred of the 710 in TDM-VIGIL included patients who had 
one or more treatment episodes with antidepressants and/or an-
tipsychotics. For the remaining 10 patients, there was the inten-
tion to prescribe a new antidepressant or antipsychotic, but they 
did not receive it, and they were excluded from further analyses. 
Overall, 1,265 treatment episodes with study medication were reg-
istered with an average of 1.8 (range 1-14, median 1.0) episodes 
per patient. Among the patients, 76.3 % received at least one anti-
depressant, 47.5 % at least one antipsychotic, and 25.2 % one or 
more substances from both drug classes. Fifteen different antide-
pressants, mainly SSRIs as well as noradrenergic and specific sero-
toninergic antidepressants (79.9 %) were used, most frequently 
fluoxetine (49.9 % of all antidepressants), sertraline (20.4 %), and 
mirtazapine (14.0 %). Among antipsychotics, mainly second-gen-
eration antipsychotics (SGAs, 80.5 %) were prescribed, most com-
monly aripiprazole (27.3 % of all antipsychotics), quetiapine 
(21.0 %), olanzapine (18.8 %), and risperidone (9.4 %). Overall, 
66.3 % of the treatment episodes were classified as off-label (55.2 % 
involving antidepressants, 80.7 % involving antipsychotics), most 
of these were due to age (63.2 %) and indication (35.0 %). More than 
two-thirds (69.7 %) of the patients received at least one antidepres-
sant or antipsychotic under off-label conditions.

Incidence of serious adverse events and (serious) 
adverse drug reactions
ADRs were documented using PAERS across the five main visits in 
57.7 % of the 700 children and adolescents while they were treated 
with an antidepressant or antipsychotic. The total number of ADRs 
reported in these patients was 2,066 (i. e., on average 3 per pa-
tient), of which 5.3 % ADRs were judged as either severe or extreme-
ly severe. In patients with one or more antidepressant episodes, 
983 ADRs were reported during antidepressant use, of which 5.3 % 
ADRs were judged as (extremely) severe. In patients receiving only 
antipsychotics, 932 ADRs occurred, of which 4.2 % were judged as 
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(extremely) severe. In patients who used an antidepressant and an 
antipsychotic at the same time, 151 ADRs were registered of which 
12.4 % were judged as (extremely) severe. In 12 patients (1.7 %), 
ADRs were the reason for the premature termination of the study 
(▶Fig. 1).

The total number of SAEs identified from all regular visits 
(PAERS), additional visits, and between regular visits by the SAE 
screening form was 115. These SAEs were reported in 62 patients 
(8.7 %, 95 %CI: 6.8-11.1 %), of whom 48 (77.4 %) were female and 
four were children (6.5 %). Altogether, 80.9 % (n = 93) of SAEs were 
psychiatric events, 19.1 % (n = 22) somatic, and 14.8 % (n = 17) were 
recorded as life-threatening. The psychiatric events (n = 75 (80.6 %) 
out of 93) were predominantly thoughts of suicide, suicidal actions, 

▶Table 2	 Baseline characteristics of the study population (n = 710)

Distribution of patients across centers  
n ( %)

Bad Wildungen 57 (8.0)

Berlin I Charité 41 (5.8)

Berlin II Vivantes 8 (1.1)

Freiburg 27 (3.8)

Fulda 5 (0.7)

Heidelberg 39 (5.5)

Cologne 35 (4.9)

Mannheim 10 (1.4)

Munich I LMU 38 (5.4)

Munich II 12 (1.7)

Neuruppin 25 (3.5)

Regensburg 18 (2.5)

Schweinfurt 28 (3.9)

Tuebingen 41 (5.8)

Ulm 59 (8.3)

Vienna 53 (7.5)

Wuerzburg 165 (23.2)

Zuerich 49 (6.9)

Sex n ( %)

Female 473 (66.6) 

Male 237 (33.4) 

Children < 12 years, n ( %) 63 (8.9) 

Adolescents ≥ 12 years, n ( %) 647 (91.1) 

Age (years) mean ± SD, range 14.6 ± 2.2, 6-18 

Age girls (years) mean ± SD 14.9 ± 1.7

Age boys (years) mean ± SD 14.0 ± 2.9

Setting n ( %)

Inpatient 550 (77.5) 

Day clinic patient 104 (14.6) 

Outpatient 56 (7.9) 

Anthropometric data (range)

Height (m) 1.14–1.93 

Weight (kg) 19.9–146.0

BMI (kg/m2) 10.8–43.6 

Patients with suicidality at baseline n ( %) 181 (25.5) 

Intelligence level n ( %)

average 643 (90.6) 

sub-average 58 (8.2) 

unknown 9 (1.3) 

Most common ICD-diagnoses, n ( %) of multiple 
entries

F 32.1 moderate depressive episode 296 (41.7)

F 50.0 anorexia nervosa 113 (15.9)

F 32.2 severe depressive episode 95 (13.4)

F 40.1 social phobias 63 (8.9)

F 42.2 obsessive-compulsive disorder 53 (7.5)

F 90.0 Attention-deficit/hyperactivity disorder 49 (7.0)

F 90.1 hyperkinetic conduct disorder 41 (5.8)

F 33.1 recurrent depressive disorder 35 (4.9)

F 43.1 posttraumatic stress disorder 32 (4.5)

F 20.0 paranoid schizophrenia 29 (4.1)

▶Table 2	 Baseline characteristics of the study population (n = 710)

Distribution of patients across centers  
n ( %)

The severity of illness (CGI-S) at baseline n ( %)

Not assessable 19 (2.7)

Not at all ill 0 (0.0)

Borderline mentally ill 0 (0.0)

Mildly ill 6 (0.9)

Moderately ill 79 (11.3)

Markedly ill 332 (47.4)

Severely ill 236 (33.7)

Extremely ill 29 (4.1)

GAF-Score at baseline (n = 703) mean ± SD, 
median, range; n ( %)

42.3 ± 11.3, 44, 
1-81;

0–10: Constant danger to oneself and others 4 (0.6)

10–20: Danger to oneself and others 17 (2.4)

20–30: Impairment of in almost all areas 78 (11.1)

30–40: Severe impairment in several areas 133 (18.9)

40–50: Serious impairment 241 (34.3)

50–60: Moderate difficulties 186 (26.5)

60–70: Several slight impairments 41 (5.8)

70–80: Slight impairment of performance 2 (0.3)

80–90: Good performance 1 (0.1)

Patients with multiple simultaneous use (n ( %)

all psychotropics 342 (48.2)

antidepressants and antipsychotics 305 (43.0)

Patients with psychiatric co-medication, n ( %) 
(multiple) entries

Tranquilizer 70 (10.0)

Stimulants/atomoxetine/guanfacine 87 (12.3)

Mood stabilizer, anticonvulsants 18 (2.6)

Biperiden 16 (2.3)

Melatonin 14 (2.0)

Other 10 (1.4)

Observational time (days) mean( ± SD), range, 
median (IQR)

167.0 ± 140.2, 
1-946, 157.0 
(52.0–239.5)

ICD: International Classification of diseases, CGI-S = Clinical Global 
Impression Scale – Subscale Severity, n = number, SD = standard 
deviation, GAF = Global Assessment Functioning Scale, IQR = Inter-
quartile range

▶Table 2	 Continued.
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or attempted suicide, reported in 46 patients, of which 28 patients 
(60.9 %) were classified as suicidal at enrollment. No SAE resulted 
in permanent damage or was fatal.

Causality with the study medication was assessed as possible 
(n = 80,69.6 %) or probable (n = 13, 11.3 %) in 93 (80.9 %) of the 115 
SAE, which accordingly were classified as serious ADRs. Serious 
ADRs were reported in 59 (8.3 %, 95 %CI: 6.4-10.6 %) children and 
adolescents, of which 40 patients (5.6 %, 95 %CI 4.1-7.7 %) were 
treated with an antipsychotic and/or antidepressant drug in off-la-
bel use. Thirty-four patients had one serious ADR, 18 patients had 
two, five patients had three, and two patients had four serious 
ADRs. None of them fulfilled the criteria of a suspected unexpect-
ed serious adverse reaction (SUSAR). Altogether, 68.8 % of the se-
rious ADRs occurred during monotherapy with an antidepressant 
or antipsychotic. The distribution of serious ADRs by system-organ-
class and drug involved is shown in ▶Table 3.

The risk of serious ADRs was not significantly different between 
patients using psychotropics off-label and on-label, neither for an-
tidepressants (8.1 % vs 11.3 %, p = 0.16) nor antipsychotics (8.7 % 
vs 7.5 %, p = 0.67) (▶Fig. 2). Serious ADRs occurred in 16.6 % of pa-
tients who were suicidal at enrollment versus 5.6 % of patients who 
were not suicidal at enrollment (relative risk 3.0, 95 %CI = 1.9-4.9).

As a consequence of a serious ADR the medication was not 
changed in 63.4 %, discontinued in 19.4 % of the serious ADRs, the 
dose was reduced in 11.8 %, and increased in 3.2 % of the cases. 
Among the serious ADRs, 36.6 % required hospitalization or trans-
fer of the patient to another ward, 3.2 % the consultation of a med-
ical specialist, and in 58.1 % no general actions were taken (two 
events without specification). The majority of serious ADRs took a 
favorable course with symptoms completely subsiding in 84.9 % 
and partially subsiding in 5.4 %, while 7.5 % were unchanged, and 
the outcome was not reported for two (2.2 %) cases at the end of 
the observational period.

Discussion
The results from our prospective pharmacovigilance study show 
that on average 8.3 % of children and adolescents treated in daily 
clinical practice with various antidepressant and/or antipsychotic 
drugs suffered from suspected serious ADRs. The incidence of se-
rious ADRs in patients using antidepressants and/or antipsychot-
ics off-label was not different from those using the study medica-
tion on-label. The most frequent serious ADRs were suicide at-
tempts. Serious ADRs occurred three times more often in patients 
with suicidality at enrollment.

▶Table 3	 Distribution of serious adverse drug reactions by system organ class and drug involved

SOC Total n ( %) *  Fluoxetine n 
( %)

Aripiprazole n 
( %)

Sertraline n 
( %)

Quetiapine n 
( %)

Other drugs n 
( %)

Psychiatric disorders 72 (77.4) 36 (85.7) 13 (65.0) 8 (80.0) 12 (92.3) 38 (71.7)

‚Suicidality‘ 62 (66.7) 32 (75.2) 10 (50.0) 6 (80.0) 11 (84.7) 25 (47.1)

Suicide attempts 29 (31.2) 12 (28.6) 6 (30.0) 0 (0.0) 5 (38.5) 20 (37.7)

Suicidal ideation 27 (29.0) 17 (40.0) 3 (15.0) 2 (20.0) 4 (30.8) 5 (9.4)

Suicidal behaviour 6 (6.5) 3 (7.1) 1 (5.0) 6 (60.0) 2 (15.4) 0 (0.0)

other psychiatric disorders 10 (10.8) 4 (9.5) 3 (15.0) 0 (0.0) 1 (7.7) 13 (24.5)

Nervous system 11 (11.8) 2 (4.8) 4 (20.0) 0 (0.0) 1 (7.7) 7 (13.2)

Investigations 3 (3.2) 1 (2.4) 2 (10.0) 1 (10.0) 0 (0.0) 0 (0.0)

Blood lymphatic system 3 (3.2) 1 (2.4) 1 (5.0) 0 (0.0) 0 (0.0) 2 (3.8)

Gastrointestinal 2 (2.2) 1 (2.4) 0 (0.0) 1 (10.0) 0 (0.0) 0 (0.0)

Cardiac disorders 1 (1.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.9)

Endocrine disorders 1 (1.1) 1 (2.4) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.9)

Total **  93 42 20 10 13 53

SOC: System Organ Class according to the Medical Dictionary for Regulatory Activities (MedDRA) ;  * The number n of serious ADRs in the columns 
fluoxetine, aripiprazole, sertraline, quetiapine and other drugs does not add up to the total number of serious ADRs (n = 93), as more than one drug 
was involved in 26.9 % of the cases.;  ** The total n-numbers in the last row reflect the sum of serious ADRs of the bolded main SOC categories

AD and AP antidepressants

12
10.3 %

7.4 %

11.3 %

8.1 %
7.5 %

8.7 %
10

8

6

4

2

0
antipsychotics

on-label off-label

▶Fig. 2	 Serious adverse drug reactions (ADRs) per episode of 
medication in on-label and off-label use. The percentage of serious 
ADRs is shown in relation to the total number of medication episodes 
with an antidepressant or/and an antipsychotic (left bars), an antide-
pressant (middle bars) and an antipsychotic (right bars) reported in 
the study. The numbers do not add up to the total number because 
antidepressants (AD) and/or antipsychotics (AP) in on-label and 
off-label use could be involved in the same event. Such serious ADRs 
could contribute to the event rates of AD as well as AP, but only once 
to the event rate of all episodes (AD plus AP).
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Our results are somewhat consistent with those in prior stud-
ies. For example, a naturalistic study in 184 pediatric outpatients 
treated with SGAs reported at least one ADR in about 71 % of pa-
tients; 9 % of ADRs, observed in 6.4 % of the patients, were classi-
fied as serious. Like in our study, ADRs were also mainly psychiatric 
events, which the authors considered as partial or total lack of re-
sponse [49]. Another prospective study on the safety of antipsy-
chotics in children and adolescents classified 10.1 % of the ADRs 
recorded under naturalistic conditions as serious, which were ob-
served in 5.7 % of patients, and of which one third were psychiatric 
effects [75]. These authors point out, that concerning psychiatric 
ADRs, it is difficult to assign causality to psychotropic drugs with 
high reliability because of a potential worsening of the underlying 
condition and thus insufficient treatment effects [50]. The most 
common ‘adverse event’ in our study - ‘suicidality' - is at the same 
time a typical symptom of depression, which was the most frequent 
diagnosis in the sample and is known to be a strong risk factor for 
suicide [51]. Our finding illustrates the complex relationship be-
tween the reason to prescribe a drug, the intended drug action, 
and (potential) ADR. In our study, it was therefore extremely diffi-
cult to unravel whether suicidality as an adverse event was caused 
by the drug (i. e., was an ADR) or was an insufficient response to the 
drug or was an event in the natural course of the disease. This is un-
derlined by the fact that the causality with the medication for 
almost all psychiatric (in contrast to somatic) serious ADRs in our 
study was classified as ‘possible’ (not as ‘probable’). This causality 
dilemma, that the adverse effects of antidepressant drugs may 
mimic the symptoms of the underlying disease [33], is well known 
and also reflected in the debate on suicidality associated with the 
use of SSRIs in youth [28, 29].

More than a quarter of patients included in our study were 
judged to be suicidal at enrollment underlining that suicidality is 
an important and increasing reason for seeking treatment. How-
ever, suicidal patients are usually excluded from clinical trials as well 
as patients who are treated with more than one psychoactive drug 
at the same time. The fact that concomitant drug use is considered 
as a risk factor for ADRs [52, 53] is supported by our finding that 
the proportion of (extremely) severe ADRs assessed by PEARS was 
higher in patients using antidepressants and antipsychotics at the 
same time. However, any comparison between the incidence and 
prevalence rates of ADRs reported in clinical trials is difficult to 
draw, as there are large differences in the classification systems, re-
corded periods, treatment settings, methods of data assessment, 
and patient and medication groups. Additionally, information 
about the severity of the ADRs is often missing [31].

The proportion of off-label prescriptions in our population was 
slightly higher than in previous epidemiological studies from Ger-
many in antidepressants (40.9–49.1 %) [13, 15] and antipsychotics 
(52.3–71.1 %)[16]. This could be explained by the fact that the ma-
jority of our patients were inpatients in specialized centers and that 
specialist treatment by hospital doctors increases the likelihood of 
receiving an off-label prescription [13]. We did not find that off-la-
bel prescribing was associated with a more frequent occurrence of 
serious ADRs than on-label prescribing. Our data, therefore, sug-
gest that off-label use of antidepressants and antipsychotics in pre-
dominantly adolescents carries a lower risk of serious ADRs than 
off-label use in other, possibly more vulnerable pediatric popula-

tions, such as infants [7, 54], or off-label use of other drug classes, 
e. g., oncological drugs [37, 55]. It should be mentioned that in our 
on- and off-label samples mostly identical drug classes (SSRIs, 
SGAs), sometimes even identical drugs (e. g., fluoxetine, sertraline, 
aripiprazole) were administered. The latter was the case when a 
drug, that is approved for children and adolescents in a single spe-
cific indication (e. g., major depression), was used for other indica-
tions (e. g. anxiety disorders). Although it is often stated that off-
label prescribing leads to more frequent ADRs, the evidence for this 
statement is scarce, specifically for off-label prescription of psycho-
tropic drugs in minors. A study that analyzed spontaneously re-
ported psychiatric ADRs to the Swedish Drug Information System 
database after treatment with any suspected drug class in children 
and adolescents during a 10-year period showed that serious ADRs 
were reported more frequently after off-label drug use than after 
drug use as labeled (25 (21.4 %) vs. 10 (7.5 %) individual case safe-
ty reports; p = 0.002). However, this study could not provide inci-
dence estimates due to the limitations of spontaneous reporting 
systems [41]. A large epidemiological study based on health insur-
ance data of around two million German children and adolescents 
between 2004 and 2011, found that, similar to our findings, inci-
dence rates (IR) (per 10,000 Person-Years) of adverse events were 
not significantly different between on- and off-label use, e. g. poi-
soning by antipsychotics (on-label users IR = 7.8 vs. off-label users 
IR = 9.2) and extrapyramidal events (on-label IR = 3.7 vs off-label 
IR = 1.39) [22], as well as cardio-/cerebrovascular (on-label IR = 9.8 
vs. off-label IR = 4.5), and suicidal events (on-label IR = 35.2 vs. off-
label IR = 21.7) with antidepressants [15]. A possible explanation 
for our findings could be that the standardized safety measures – 
including TDM with specialist diagnostic interpretation and recom-
mendation – carried out as part of the study could have had a pre-
ventive effect on the development of serious ADRs under off-label 
conditions and could also have contributed to their most favorable 
course. In our study, a higher proportion of serious ADRs had a pos-
itive outcome than in the naturalistic studies cited above, in which 
(mostly non-serious) ADRs observed in youth during antipsychotic 
pharmacotherapy fully recovered in 27 % and improved in 24 % of 
cases [49], or fully recovered in 17.6 % and improved in 38.2 % of 
cases [50]. Unfortunately, no separate information about the out-
come of serious ADRs was provided in either of these studies.

TDM in children and adolescents is a helpful tool in daily clinical 
practice to monitor psychopharmacotherapy [30, 47, 56] and might 
be even more relevant when antidepressants and antipsychotics 
are used off-label because although the risk of serious ADRs might 
not be higher, the effectiveness and thus the benefit-risk balance 
can be different in off-label use. Considering the precarious approv-
al situation for psychotropics in minors in Germany [57] and many 
countries, also the question arises whether collecting and analyz-
ing standardized TDM-data could be used to generate safety data, 
which is important since the off-label status will probably not 
change in this population for the foreseeable future.

Limitations
The findings of the present study must be interpreted in the con-
text of several limitations. First, although we were able to investi-
gate 700 patients treated with the study medication, our sample 
size was too small and too heterogeneous to evaluate and compare 
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the occurrence of serious ADRs for individual antidepressants and 
antipsychotics, or specific diagnoses or the younger age group. 
Second, the medication choice, starting dose, titration speed, and 
target dose, which are all related to the risk of serious ADRs, were 
naturalistically chosen based on the clinician’s judgment and var-
ied greatly. Third, our study was conducted in patients who were 
treated at specialized child and adolescent psychiatric centers and 
who were closely and regularly monitored, assessed, and evaluat-
ed. Therefore, the generalizability of our findings to primary care 
settings or settings without intensive monitoring in our study 
might be limited. Fourth, there are large differences between coun-
tries in the approval status of psychotropic drugs for pediatric pa-
tients with a comparatively restrictive approval policy in Germany. 
Finally and most importantly, causality assessment is difficult in 
psychiatric patients with often complex clinical conditions who re-
ceive often multiple psychotropic drugs and in whom the ADRs 
could also be symptoms of the underlying disease. This may have 
led to an over- or underestimation of the incidence of serious ADRs. 
However, we believe that this is not systematically different be-
tween on- and off-label use.

Strengths
One strength of our study is that ‘real-world data’ were generated 
by 18 centers prospectively and in a standardized way and assur-
ing the data quality by controlled training and data-monitoring 
procedures. ‘Real world’ patient samples derived from healthcare 
databases are usually not characterized as completely and precise-
ly as our sample, and also safety data in observational trials usually 
are poorly or inconsistently reported [6]. In our naturalistic sam-
ple, the ADR classification of clinical trials was used, and with the 
use of (self-report) rating scales and interviews, a comprehensive 
capturing of adverse events was assured. We used an internet-
based patient registry to perform a multicenter trial, involving hos-
pitals in three European countries. The chosen method of the pro-
spective standardized patient and drug monitoring has proven to 
be a valuable approach to post-marketing surveillance in daily pa-
tient care. In addition, we included patients as heterogeneous as 
they are in clinical practice without applying the exclusion criteria 
that are common in clinical trials, such as suicidality, comorbidi-
ties, and cotreatments. Therefore, we think that our sample is rep-
resentative of the pediatric psychiatric population of specialized 
child and adolescent psychiatric centers, particularly of adoles-
cents.

Conclusions
Off-label use of antidepressants and antipsychotics by children and 
adolescents was not a risk factor for serious ADRs in a routine clin-
ical setting in which patients were closely monitored. However, the 
reported numbers of (serious) ADRs underline the need to further 
investigate the risk factors for their occurrence and the methods 
to prevent them in the pediatric population. Data derived from clin-
ical practice like ours better reflect the reality of treatment and can 
contribute to bridging the gap between information available from 
randomized controlled trials and the real clinical setting [58] to sup-
port clinical decision making and guideline development and ulti-

mately improve outcomes of youth receiving psychotropic medi-
cation treatment.
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