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  Preface and Ac knowledgements   

  Primum non nocere  (fi rst, do no harm) is a guiding principle for all physicians 
including psychiatrists that, whatever the intervention or procedure, the patient’s 
well-being is the primary consideration. 

 Rational use of psychotropic drugs may improve the quality of life and the func-
tional status of patients with neuropsychiatric diseases while minimizing adverse 
effects potentially associated to the pharmacological treatment. However, currently, 
psychotropic medications are often misused and overused, especially in elderly 
patients; thus, exposing this frail population to unmotivated and potentially life- 
threatening risks. 

 In general terms, it is well known that premarketing randomized clinical trials 
are designed to investigate, primarily, the effi cacy of the drugs and may only partly 
explore the drug safety profi le. Therefore, the risks associated with newly marketed 
drugs can be properly quantifi ed and characterized only after their use in clinical 
practice (i.e. post-marketing phase). For this reason, post-marketing pharmacovigi-
lance monitoring has been long recognized as the last phase of drug development. 

 Pharmacovigilance is a discipline that entails both cultural and scientifi c aspects. 
On one hand, traditional pharmacovigilance activities based on spontaneous report-
ing of adverse drug reactions from patients and healthcare professionals are essen-
tial to increase the awareness of prescribers and users about the potential risks 
associated to exposure to medicines. On the other, in the last few years, pharmaco-
vigilance as a science is rapidly evolving towards a more proactive approach in 
terms of emerging safety issues detection, strengthening and validation, thanks to 
innovative methodologies that have been developed in the context of outstanding 
initiatives, such as US FDA-endorsed Sentinel and European FP-7- funded EU-ADR 
and IMI-funded PROTECT. 

 It is nowadays well acknowledged that continuously growing availability of 
databases with longitudinal electronic health records of millions of persons world-
wide offers the opportunity to get better insight, rapidly and cheaply, into real-life 
psychotropic drug use and the benefi t-risk profi le of those medications in the gen-
eral  population, as well as in specifi c frail categories of patients such as older peo-
ple, children and pregnant women. 
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 A number of large-size observational studies have been conducted in several 
continents in the last decades, exploring and confi rming the associations of poten-
tially serious safety outcomes and use of drugs commonly prescribed in psychiatry, 
ranging from risk of hemorrhagic stroke and use of antidepressants, especially 
selective serotonin reuptake inhibitors, to risk of all-cause mortality and use of both 
atypical and conventional antipsychotics in older people with dementia, to risk of 
falls and benzodiazepine use and so on. Those data sources can complement the 
traditional spontaneous adverse drug reaction reporting system in drug safety signal 
management, also regarding psychotropic drugs. 

 Knowledge in pharmacovigilance is dynamic and requires rapid (re)assessment 
of risk associated with currently marketed drugs, including psychotropic drugs. 

 This book presents a timely overview of updated evidence about the safety pro-
fi le of drugs that are commonly used in psychiatry, as well as of established and 
advanced methodologies that have been used up to now for the conduct of post-
marketing pharmacovigilance studies. 

 We gratefully acknowledge the continuous advice from Prof. Bruno Stricker 
(Erasmus University Medical Center of Rotterdam, the Netherlands) and Prof. 
Achille P. Caputi (University of Messina, Italy), who inspired relevant parts of this 
book through their innovative research in the fi eld of pharmacovigilance.  

        Messina ,  Italy      Gianluca     Trifi rò   
      Messina ,  Italy       Edoardo     Spina       
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   Part I  
  General Aspects of Pharmacovigilance 

in Psychiatry 
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    Chapter 1   
 Pharmacovigilance in Psychiatry: 
An Introduction                     

       Edoardo     Spina     ,     Gianluca     Trifi rò     , and     Achille     Patrizio     Caputi    

    Abstract     The discipline of pharmacovigilance is of particular importance in the 
fi eld of psychiatry. Pharmacotherapy is the principal modality of management in 
several psychiatric disorders and psychotropic drugs are associated with a variety of 
adverse drug reactions. Over the past decades, pharmacovigilance activity has led to 
the identifi cation of several adverse drug reactions caused by psychotropic drugs, 
resulting in their withdrawal from the market or restrictions in use. Psychotropic 
medications are often administered for longer periods and are commonly prescribed 
in combination with other drugs and, therefore, may be involved in clinically rele-
vant drug interactions. Psychotropic agents may be prescribed to populations at 
higher risk of developing adverse effects. In particular, they are increasingly used to 
treat psychiatric disorders in children and adolescents, as well as in the elderly, and 
may be used by pregnant or lactating women. The main source of knowledge on 
tolerability and safety of psychotropic drugs comes from clinical trials, but this is 
associated with several limitations. Pharmacovigilance programs are designed to 
gather information on what effects drugs have in the real world rather than in groups 
of carefully selected clinical trial populations. For the abovementioned reasons, it is 
important that psychiatrists become familiar with the concepts and methods of phar-
macovigilance as they have a key role in identifying and reporting new or serious 
adverse drug effects.  

  Keywords     Pharmacovigilance   •   Psychiatry   •   Psychotropic drugs   •   Adverse drug 
reactions  

     The World Health Organization (WHO) defi nes pharmacovigilance as “science and 
activities relating to the detection, assessment, understanding and prevention of 
adverse effects or any other drug-related problem” (WHO  2000 ). As a result, a wide 
range of healthcare professionals, including doctors, nurses, and pharmacists can 

        E.   Spina      (*) •    G.   Trifi rò      •    A.  P.   Caputi      
  Department of Clinical and Experimental Medicine , 
 University of Messina ,   Messina ,  Italy   
 e-mail: espina@unime.it; trifi rog@unime.it; achille.caputi@unime.it  

mailto:espina@unime.it
mailto:trifirog@unime.it
mailto:achille.caputi@unime.it
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contribute to pharmacovigilance activities. Such activities are a critical aspect of 
medical practice and have the potential to reduce and possibly prevent drug-related 
harm and associated costs. 

 Pharmacovigilance is of particular importance in the fi eld of psychiatry 
(Rajkumar and Melvin  2014 ). Most psychiatric disorders are primarily treated with 
drugs, all of which are associated with their own adverse drug reactions (ADRs). 
Soon after the advent of modern psychopharmacology in the early 1950s, it became 
clear that the use of fi rst available psychotropic drugs was sometimes associated 
with life-threatening or disabling adverse effects. This is the case with neuroleptic 
malignant syndrome and tardive dyskinesia associated with traditional antipsychot-
ics or the potentially fatal hypertensive crises occurring when irreversible mono-
amine oxidase inhibitors, the fi rst clinically effective antidepressants, are given in 
combination with tyramine-rich food. 

 The birth of pharmacovigilance is closely related to psychiatry. In the late 1950s, 
thalidomide was widely used in several countries as an antiemetic and a “safe seda-
tive,” particularly effective when given to pregnant women. It was soon noticed by 
physicians that babies exposed to the drug in utero developed congenital malforma-
tions (McBride  1961 ). Widespread use of thalidomide in Europe, Australia, and 
Japan resulted in approximately 10,000 children born with phocomelia, leading to 
the ban of thalidomide in most countries. The thalidomide tragedy is generally 
regarded as the beginning of legislated pharmacovigilance (Moore  2013 ). This 
disaster marked a turning point in toxicity testing, as it prompted international regu-
latory agencies to develop systematic toxicity testing protocols. From such a trag-
edy, national pharmacovigilance centers emerged, as well as the development of 
spontaneous reporting to identify ADRs that could justify or mandate regulatory 
action. 

 Over the years that followed, pharmacovigilance activity has led to the identifi -
cation of several adverse drug reactions caused by psychotropic drugs, resulting in 
their withdrawal from the market or restrictions in use. In 1973, a number of fatal 
cases of agranulocytosis cases occurred with clozapine treatment which led to the 
withdrawal of this effi cacious antipsychotic drug in some countries and to restric-
tion of use in many others (McKenna and Bailey  1993 ). Zimelidine was the fi rst 
selective serotonin reuptake inhibitor (SSRI) antidepressant to be marketed in the 
early 1980s. Within a year and a half of its introduction, rare case reports of Guillain- 
Barré syndrome emerged that appeared to be caused by the drug, prompting its 
manufacturer to remove it from the market (Fagius et al.  1985 ). The antidepressant 
nomifensine, a noradrenaline and dopamine reuptake inhibitor, was withdrawn 
worldwide by the manufacturer in January 1986 following a rising incidence of 
reports of acute immune hemolytic anemia with serious clinical sequelae, including 
a number of fatalities (Stonier  1992 ). The clinical use of the atypical antipsychotic 
remoxipride was severely restricted in 1993, soon after its marketing, due to reports 
of aplastic anemia (Nadal  2001 ). In 1994, alpidem, an anxiolytic drug from the 
imidazopyridine family, was withdrawn from the market following reports of severe 
liver damage (Berson et al.  2001 ). The atypical tricyclic antidepressant (TCA) 
amineptine, a selective inhibitor of the reuptake of dopamine and, to a lesser extent, 

E. Spina et al.
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noradrenaline, was marketed in some European countries as an antidepressant and 
soon gained a reputation for abuse potential due to its short-lived, but pleasant, 
stimulant effect experienced by some patients. The emergence of severe cases of 
hepatotoxicity, along with the potential for abuse, led to the suspension of market-
ing authorization in 1999 (Lazaros et al  1996 , No authors listed  1999 ). More 
recently, there were concerns on the propensity of some antipsychotics to prolong 
corrected QT (QTc) interval and to cause severe cardiac arrhythmias including  tor-
sades de pointes  and sudden death. This led to the withdrawal of some antipsychot-
ics from the market (e.g., thioridazine), temporary suspension (e.g., sertindole), or 
restriction of use (e.g., pimozide) (Glassman  2005 ). 

 A study investigating FDA ADR reports from 1998 to 2005 found that several of 
the drugs in question were psychotropic agents such as antipsychotics (clozapine, 
olanzapine, and risperidone), antidepressants (duloxetine, sertraline, paroxetine, 
bupropion), mood stabilizers (carbamazepine, valproate, and lamotrigine), and also 
anti-ADHD medication such as atomoxetine (Moore et al.  2007 ). Another study 
reviewing nine major ADRs reported in Europe from 1995 to 2008 found that psy-
chotropic drugs were implicated in two ADRs, seizures caused by bupropion, and 
suicidality in children prescribed SSRIs (Harmark and van Groothest  2008 ). 
Interestingly, the latter was identifi ed on reanalyzing data provided from pharma-
ceutical companies, while the former was identifi ed from analysis of physician 
reports. A more recent investigation concluded that of the 19 drugs withdrawn from 
the European market between 2002 and 2011, 4 were psychotropic agents (nefazo-
done, thioridazine, veralipride, and aceprometazine+acepromazine) (McNaughton 
et al.  2014 ). 

 There are several reasons why pharmacovigilance is important to psychiatry 
(Rajkumar and Melvin  2014 ). As psychiatric disorders are often chronic, prolonged 
pharmacological treatment may be required, thus increasing the possibility of long- 
term ADRs. Psychotropic medications are commonly prescribed in combination 
with other drugs used to treat comorbid psychiatric or somatic disorders and, there-
fore, may be involved in clinically relevant drug interactions. Psychotropic agents 
are increasingly used to treat psychiatric disorders in children and adolescents, as 
well as in the elderly, and may be used by pregnant or lactating women. Side effects 
of psychotropic medications can mimic psychiatric symptoms (anxiety, insomnia, 
somnolence, suicidality) and distinguishing between ADRs and symptoms of the 
underlying illness can be diffi cult. Moreover, chronic use of many psychiatric medi-
cations may lead to physical dependence, and abrupt discontinuation may result in 
withdrawal symptoms. 

 The main source of knowledge on tolerability and safety of psychotropic drugs 
comes from clinical trials, but this is associated with several limitations (Stricker 
and Psaty  2004 ). Clinical trials are inherently limited in their ability to produce data 
regarding adverse effects, especially when these are rare and unexpected. In brief, 
clinical trials recruit patients who are not representative of the persons who will use 
the drug/s under study in clinical practice and expose these trial participants to the 
study drug/s in a similarly ideal manner. Recruited adult patients are likely to be 
healthier, younger, and not on multidrug regimens. On the other hand, elderly 

1 Pharmacovigilance in Psychiatry: An Introduction
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 persons, children, and pregnant or lactating women and ethnic minorities are likely 
to be underrepresented. Drug use in a clinical trial is necessarily controlled, with the 
result that there is likely to be high drug adherence and drug use at optimal doses. A 
consequence of all of this is that the safety profi le of a drug in the clinical setting 
where patients are much more heterogeneous and drug use may involve low adher-
ence, incorrect dose and/or administration and drug interactions is not known. 
Furthermore, clinical trials are typically of short duration, whereas psychiatric 
drugs are often used for long periods of time. Based on these considerations, at the 
time of marketing of a drug, the knowledge of its tolerability is inevitably incom-
plete. The more complete safety profi le of a newly marketed drug must therefore be 
discovered over time as it is used in clinical practice and is dependent on pharmaco-
vigilance activities that identify, report, and describe ADRs as they occur. 

 For all these reasons, it is important that psychiatrists become familiar with the 
concepts and methods of pharmacovigilance as they have a key role in identifying 
and reporting new or serious adverse drug effects. The fi rst step in this process is the 
identifi cation of potential ADRs. ADR detection can take place through various 
methods, all of which start with signal detection or generation. The gold standard of 
signal generation is spontaneous reporting, with reports being submitted to a central 
authority; however, signals can also be generated from pharmaceutical company 
data or from hospital or academic center data. Spontaneous reporting has several 
advantages, for example, it is cost-effective and quick. On the other hand, it is 
known that this approach is associated with signifi cant underreporting. Signals 
derived from spontaneous reports are not necessarily authentic and signal strength-
ening is required to confi rm the causal link between drug and adverse effect. 
Causality is a central issue in identifying authentic signals in spontaneous reports. 
The assigning of causality by clinicians is guided by general considerations such as 
whether the putative cause (i.e., the drug) precedes the effect, whether a greater 
exposure results in a more severe reaction, whether the ADR disappears on discon-
tinuing the drug and reappears on rechallenge, whether there is a known similar 
effect caused by a similar drug, and whether there is a biologically plausible mecha-
nism for the ADRs. Such considerations undoubtedly have their limitations, particu-
larly in the case of previously unknown ADRs and/or newly marketed drugs. Once 
a causal link between a drug and an ADR is confi rmed and the use of a drug is dif-
fuse, different methodological approaches, such as population-based studies, can be 
used to evaluate the frequency as well as the risk of an ADR within a population. 
Such studies provide information on different aspects of causality, such as the 
strength of an association between a drug and an ADR as well as whether the occur-
rence of an ADR after drug exposure is consistent across different populations. 
Population-based studies also have a role in the drug regulatory sector and are often 
the way in which pharmaceutical companies satisfy legislation such as EU guidance 
EMA/813938/2011 Revision 1, in which the European Medicines Agency (EMA) 
made the request for post-authorization safety studies (PASS) legally binding. In 
this way, carrying out pharmacovigilance activities is given a regulatory-legal 
framework and can be enforced. PASS studies are an example of an increasing 
awareness and commitment of regulatory agencies towards understanding the risks 
associated with drug use as fully as possible. 

E. Spina et al.
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 The constant developments in pharmacovigilance and psychiatry led to the 
development of this book, which aims to describe the most important themes in 
pharmacovigilance within the fi eld of psychiatry. The fi rst section gives a broad 
overview of the topic, including important defi nitions and ADR pathogenesis and 
methods and data sources used for pharmacovigilance activities. The second section 
focuses on specifi c psychotropic drug class, namely, antidepressants, antipsychot-
ics, anxiolytics and sedatives, mood stabilizers, and medications for attention defi cit 
hyperactivity disorder. The fi nal section focuses further on psychotropic drug use in 
special populations such as children and adolescents, the elderly, and pregnant or 
breast-feeding women.    
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    Chapter 2   
 Adverse Drug Reactions: Defi nitions, 
Classifi cations and Regulatory Aspects                     

       Paola Maria     Cutroneo      and     Giovanni     Polimeni    

    Abstract     Adverse drug reactions (ADRs) are a common and important cause of 
morbidity and mortality that represent a major health problem worldwide, with high 
social costs for communities. Several studies have shown that ADR-related hospital 
admissions comprise up to 10 % of the total number of hospitalizations. 

 Owing to the well-known limitations of pre-marketing research, it is now gener-
ally accepted that part of the process of evaluating drug safety needs to take place in 
the post-marketing (approval) phase. Thus, once approval is granted, it becomes 
essential to detect and to evaluate unrecognized ADRs related to medicines for pro-
tecting the public health. This activity, known as post-marketing surveillance or 
“pharmacovigilance,” can lead to the identifi cation of important safety problems, 
which may even result in the withdrawal of drugs from the market. The main goal 
of pharmacovigilance is the early detection of new, rare, or serious ADRs and the 
communication of these risks to the public. 

 ADRs occur by a number of mechanisms, some of which remain unclear. Besides 
the intrinsic danger associated with the drug, patients might have a particular, 
unpredictable hypersensitivity to certain drugs, which requires careful monitoring. 
Furthermore, several risk factors are important in determining susceptibility to 
ADRs. Knowledge and use of ADR classifi cation systems can give the health pro-
fessional greater clarity about an ADR and in some cases suggest ways of managing 
or avoiding a future event.  

  Keywords     Adverse drug reactions   •   Pharmacovigilance   •   Adverse events   •   Safety 
withdrawals  
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2.1         Adverse Drug Reactions: Terminologies and Defi nitions 

 An  adverse drug reaction  (ADR) is described by the World Health Organization 
(WHO) as “a response to a drug which is noxious and unintended and which occurs 
at doses normally used in man for the prophylaxis, diagnosis, or therapy of disease, 
or for the modifi cation of physiological function.” The term “response” in this con-
text means that a clear pharmacological link between the drug and the event is not 
present, but a causal relationship between a medicinal product and an adverse event 
is at least a reasonable possibility. Importantly, this defi nition underlines the fact 
that the phenomenon is noxious (differentiating between adverse drug reaction and 
side effects which can also be benefi cial) and that it includes doses prescribed clini-
cally, excluding accidental or deliberate overdose. 

 According to the new European pharmacovigilance legislation, which came into 
effect in July 2012, an adverse drug reaction is “a response to a medicinal product 
which is noxious and unintended” (Directive  2010 /84/EU). Compared to the defi ni-
tion from the WHO, this defi nition also covers ADRs resulting from doses other 
than those normally used in therapy, including off-label use, overdose, misuse, 
abuse, medication errors, and those caused by occupational exposure. Furthermore, 
the term “medicinal products” implicitly encompasses also reactions caused by 
products not classically included in the defi nition of “drugs,” such as herbal sub-
stances or homeopathic products. 

 An alternative defi nition of ADR, proposed by Edwards and Aronson ( 2000 ), is 
the following: “an appreciably harmful or unpleasant reaction, resulting from an 
intervention related to the use of a medicinal product, which predicts hazard from 
future administration and warrants prevention or specifi c treatment, or alteration of 
the dosage regimen, or withdrawal of the product.” 

 Adverse drug reactions are further classifi ed for regulatory purposes according to 
their seriousness and expectedness. The seriousness of an ADR is the extent to 
which the reaction causes harm to the patient. A  serious suspected adverse reaction  
is defi ned as “an adverse reaction which results in death, is life-threatening, requires 
inpatient hospitalization or prolongation of existing hospitalization, results in per-
sistent or signifi cant disability or incapacity, or is a congenital anomaly/birth 
defect.” 

 However, besides these specifi c situations, with regard to the seriousness of an 
ADR, the medical individual opinion is also taken into account; in fact, as specifi ed 
in current international guidelines, “medical and scientifi c judgment should be exer-
cised in deciding whether other situations should be considered serious reactions, 
such as important medical events that might not be immediately life threatening or 
result in death or hospitalization but might jeopardize the patient or might require 
intervention to prevent one of the other outcomes listed above.” (European Medicines 
Agency and Heads of Medicines Agencies  2014  GVP-Annex I). Examples of such 
events are allergic bronchospasm intensively treated at home, blood dyscrasias or 
convulsions that do not result in hospitalization, or development of drug depen-
dency or drug abuse. In contrast to seriousness, which is based on the patient and 
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event outcome, the “severity” of an adverse reaction is often used to describe the 
intensity of a medical event, as in the grading “mild,” “moderate,” and “severe.” 
Thus, a severe reaction can be of relatively minor medical signifi cance, such as a 
severe headache. 

 With regard to the preventability of ADRs, an  unexpected suspected adverse 
reaction  has been defi ned by the WHO as “an adverse reaction, the nature or sever-
ity of which is not consistent with domestic labeling or market authorization, or 
expected from characteristics of the drug” (WHO  2002 ) or according to EMA, “an 
adverse reaction, the nature, severity or outcome of which is not consistent with the 
summary of product characteristics” (European Medicines Agency and Heads of 
Medicines Agencies  2014  GVP-Annex I). Reports that add signifi cant information 
on specifi city or severity of a known, already documented serious ADRs constitute 
unexpected events (e.g., an event more specifi c or more severe than described in the 
reference document would be considered as “unexpected”). 

 A  side effect  is “any unintended effect of a pharmaceutical product occurring at 
doses normally used by a patient, which is related to the pharmacological properties 
of the drug.” This defi nition was formulated to include side effects that, although are 
not the main aim of the therapy, may be benefi cial rather than harmful. For example, 
a tricyclic antidepressant may incidentally also relieve symptoms of irritable bowel 
syndrome in a depressed patient.  

2.2     Social and Economic Impact of Adverse Drug Reactions 

 In spite of the apparent rarity of serious reactions to individual drugs, ADRs are 
effectively a global epidemic, with large economic effects on healthcare. Several 
epidemiological studies have been conducted in order to determine the frequency of 
ADRs and the related healthcare costs in both in- and outpatient settings, mainly 
focusing on drug-related hospital admission, prolongation of hospital stay, and 
emergency department visits due to ADRs (Sultana et al.  2013 ). 

 Based on 37 studies mostly conducted in the USA, Taché et al. reviewed the 
prevalence of adverse drug events in ambulatory care and reported that 5.1 % of 
hospital admissions were due to ADRs (Taché et al.  2011 ). 

 Budnitz et al. reported the USA estimates of emergency department (ED) visits 
for adverse drug events, derived from data of 58 hospitals participating in the 
National Electronic Injury Surveillance System–Cooperative Adverse Drug Event 
Surveillance (NEISS-CADES) System (Budnitz et al.  2006 ). Over a 2-year study 
period, 21,298 adverse drug event cases were reported. The estimated annual popu-
lation rate of adverse drug events treated in EDs was 2.4 per 1000 individuals (95 % 
CI, 1.7–3.0). Furthermore, adverse drug events led to hospitalization of 3487 indi-
viduals (annual estimate, 117,318 [16.7 %]; 95 % CI, 13.1–20.3 %). 

 Several studies focused on more vulnerable populations such as geriatric patients. 
People aged 65 years or older are in fact more likely than younger individuals to 
develop adverse drug events. In another study, Budnitz et al. estimated that 99,628 
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emergency hospitalizations (95 % CI 55,531–143,724) occurred annually for 
adverse drug events in elderly patients. Nearly half of these hospitalizations involved 
adults 80 years of age or older. Most hospitalizations were attributed to four medica-
tions or medication classes alone or in combination: warfarin (33.3 %), insulins 
(13.9 %), oral antiplatelet agents (13.3 %), and oral hypoglycemic agents (10.7 %). 
The majority of these cases resulted from unintentional overdoses (Budnitz et al. 
 2011 ). 

 The frequency of hospital admissions caused by ADRs in general adult popula-
tion has been estimated at about 6.5 % of all admissions to UK general medical 
wards, with a mortality rate of 2 % (Pirmohamed et al.  2004 ). Interestingly, although 
media attention often focuses on the safety of new drugs, the major causes of these 
admissions to hospital were older-established drugs with relatively well-described 
safety profi les, the most common being caused by NSAIDs, aspirin, warfarin, or 
diuretics (Pirmohamed et al.  2004 ). In the same study, the projected economic costs 
of ADR-related admissions to UK hospitals were estimated to be £466 million. 

 A recent systematic review reported the percentage of hospitalizations resulting 
from medicine-related problems and identifi ed a median of prevalence rates of hos-
pitalization due to ADRs corresponding to 7 % (interquartile range, 2.4–14.9 %) (Al 
Hamid et al.  2014 ). Another review showed that ADRs account for 4.2–30 % of 
hospital admissions in the USA and Canada, 5.7–18.8 % of admissions in Australia, 
and 2.5–10.6 % of admissions in Europe (Howard et al.  2007 ). More than 6 % of 
inpatients may also experience an adverse drug event (Krähenbühl-Melcher et al. 
 2007 ). 

 Preventable adverse drug reactions are a signifi cant burden to healthcare. A 
meta-analysis in 2012, including studies on outpatients with emergency visits or 
hospital admissions and inpatients, showed that 2.0 % of outpatients (95 % CI, 1.2–
3.2 %) had preventable ADR and 52 % (95 % CI, 42–62 %) of detected ADR were 
preventable. Among inpatients, 1.6 % (95 % CI, 0.1–51 %) had preventable ADR 
and 45 % (95 % CI, 33–58 %) of ADR was preventable (Hakkarainen et al.  2012 ). 

 Apart from the medical impact, pharmacoeconomic studies on the costs of ADRs 
suggest that governments pay considerable amounts from health budgets toward 
covering costs associated with them. In most countries, the extent of this expendi-
ture has not been measured. It has been suggested that patients who developed 
adverse effects during hospitalization were hospitalized in an average of 1.2–
3.8 days longer than patients who did not, with a substantial increase of the health-
care costs (Rodriguez-Monguio et al.  2003 ). Furthermore, up to 57 % of the 
community-acquired ADRs are not being recognized by the attending physician 
upon hospital admission, leading to inappropriate management of the adverse event, 
exposure of the patient to additional hazards of the drug, and prolonged hospitaliza-
tion (Dormann et al.  2003 ). 

 In the European Union (EU), on the basis of a report published by the European 
Commission in 2008, 197,000 deaths per year are caused by ADRs, which also 
accounted for the fi fth most common cause of hospital death. Furthermore, it has 
been estimated that ADRs are responsible for approximately 5 % of all hospital 
admissions, and almost 5 % of hospitalized patients will experience an ADR during 
their hospital stay in the EU. Overall, the total cost to society of ADRs is estimated 
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to be €79 billion per year (European Commission  2008 ). Similarly, ADRs are listed 
as one of the top ten causes of death in the USA, with more than 100,000 deaths 
annually attributed to various ADRs (Riedl and Casillas  2003 ).  

2.3     Pharmacovigilance for Evaluating Adverse Drug 
Reactions 

 A medicinal product is authorized by competent authorities if the benefi t–risk bal-
ance is judged to be positive for the target population at the time of authorization. 
Before medicinal products are marketed, they are extensively tested in animals and 
in clinical trials in humans, and suffi cient evidence is required to show the new drug 
to be of good quality, effective, and safe. Pre-approval studies include double-blind 
randomized controlled trials (RCT) that are considered to be the most rigorous 
approach to establish whether a cause–effect relationship exists between a treatment 
and an outcome. 

 However, the design of pre-marketing clinical trials is not optimal to monitor the 
safety of a drug. There are several issues that limit the generalizability of RCT 
results to clinical practice. The relatively short duration of clinical trials and narrow 
study population size makes it diffi cult to detect rare ADRs, or those with a long 
latency. Furthermore, the selective recruitment of patients (with resulting exclusion 
of special subgroups of patients or those receiving certain concurrent medicines) 
and the consideration of few predefi ned ADRs will considerably limit the generaliz-
ability of results from the pre-approval phase. Consequently, once a product is mar-
keted, new information will be generated from clinical practice, which can have an 
impact on the benefi ts or risks of the product. 

 These issues lead to uncertainties about the safety of a new drug once it is mar-
keted and used in a wider population, over longer periods of time, in patients with 
comorbidities and concomitant medications and for off-label indications not previ-
ously evaluated. Therefore, the true picture of a product safety actually evolves over 
the months and even years during the product’s lifetime in the marketplace. 

 In the course of medical history, there have been many examples of the potential 
danger associated with medication use. During the last century, the most striking 
was the thalidomide disaster emerged in 1961, with the sudden upsurge in the num-
ber of severe deformities (phocomelia or micromelia) occurred in thousands of 
newborns whose mother had taken the drug during pregnancy. As a result of this 
catastrophic epidemic, it has become evident that continuing, post-marketing drug 
safety monitoring, often referred to as “pharmacovigilance,” is essential for protect-
ing the public health by assuring the security of human medicines and helping the 
public and healthcare providers get the accurate science-based information that they 
need to use medicines properly (Kavitha  2010 ). 

 Once approval is granted, drug regulatory authorities, such as the European 
Medicines Agency (EMA) and the Food and Drug Administration (FDA) in the 
USA, are responsible for post-marketing safety evaluation. This risk assessment 
activity encompasses the entire period the drug is on the market and is mainly focused 
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on collecting and analyzing case reports of ADRs, distinguishing signals from back-
ground “noise,” making regulatory decisions based on strengthened signals, and 
alerting prescribers, manufacturers, and the public to new risks of adverse reactions. 

2.3.1     Pharmacovigilance: Defi nitions and Objectives 

 The World Health Organization has defi ned  pharmacovigilance  as “the science and 
activities relating to the detection, assessment, understanding and prevention of 
adverse effects or any other medicine-related problem” (World Health Organization 
 2002 ). 

 The main goal of pharmacovigilance is the early detection of new, rare, and seri-
ous ADRs. Other objectives encompass the identifi cation of the increases of the 
frequency of known adverse effects, the recognition of mechanisms or risk factors 
relevant for the occurrence of ADRs, and the communication of information about 
adverse effects to healthcare professionals and consumers (World Health 
Organization  2002 ). 

 An important cornerstone in further clarifying the risk profi le of a medical prod-
uct is the detection of “safety signals” in the post-marketing phase. There are several 
different defi nitions of “signal” in pharmacovigilance. According to WHO, a  signal  
is defi ned as a “reported information on a possible causal relationship between an 
adverse event and a drug, the relationship being unknown or incompletely docu-
mented previously” (World Health Organization  2002 ). Usually more than a single 
report is required to generate a signal, depending upon the seriousness of the event 
and the quality of the information. On the basis of the Council for International 
Organizations of Medical Sciences (CIOMS) defi nition ( 2010 ), a  signal  is “an 
information arising from one or multiple sources, including observations and exper-
iments, which suggests a new potentially causal association, or a new aspect of a 
known association between an intervention and an event or set of related events, 
either adverse or benefi cial, that is judged to be of suffi cient likelihood to justify 
verifi catory action.” For the purpose of monitoring data in pharmacovigilance, only 
signals related to an adverse reaction are generally considered. 

 Specifi c sources for pharmacovigilance data include spontaneous ADR reporting 
systems, active surveillance systems, post-authorization non-interventional studies, 
clinical trials, and other sources of information. 

 A spontaneous reporting system (SRS) relies primarily on unsolicited reports by 
healthcare professionals or consumers to established national or regional pharmaco-
vigilance centers or alternatively to marketing authorization holders (MAHs) that 
describe one or more suspected adverse reactions in a patient who was given one or 
more medicinal products (European Medicines Agency and Heads of Medicines 
Agencies, GVP – Module VI  2014 ). 

 Safety signals may be detected from monitoring of SRS databases collecting 
spontaneous ADR reports or from review of information provided by MAHs in the 
context of regulatory procedures. 
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 However, the presence of a safety signal does not actually mean that a medicine 
has caused the reported adverse event. The adverse event could be a symptom of 
another illness or caused by other medicines taken by the patient. Thus, a deep 
evaluation of safety signals is required to establish the likelihood of a causal rela-
tion between the suspected medicine and the reported adverse event, and a system-
atic process of verifi cation and quantifi cation should follow the detection of signals 
of a potential adverse event. Any signal should be validated taking into account all 
other relevant sources of information, such as aggregated data from active surveil-
lance systems or pharmacoepidemiological studies and medical literature. 

 Despite the vast underreporting of adverse effects, spontaneous reporting remains 
the most frequent source of safety signals in pharmacovigilance (Ishiguro et al. 
 2012 ; Pacurariu et al.  2014 ). Nevertheless, such systems cannot reliably quantify 
incidence rates, confi rm causality, understand risk factors, or elucidate patterns of 
use. For hypothesis testing and quantifi cation of risks, observational studies have 
proved useful.  

2.3.2     Examples of Safety Regulatory Actions and Drug 
Withdrawals for Safety Reasons 

 As discussed above, the prescribing of medications in the “real world” often yields 
safety concerns related to new drugs or to medicines on the market for many years, 
probably due to a change in the patterns of their use or to a better implementation of 
safety monitoring (Pacurariu et al.  2014 ). 

 Once an adverse reaction is detected, appropriate measures will be taken, and 
regulatory authorities have responsibility to safeguard public health in such a 
situation. 

 Safety concerns referred back to the regulatory authorities may lead to revision 
of drug labeling (i.e., restriction of an indication, new contraindication, change in 
the recommended dose, major warnings, or precautions for use), addition of a black 
box warning (available only in the USA), a direct communication to healthcare 
professionals, or the suspension/withdrawal from the market. 

 The regulatory authorities may withdraw the approval of an application with 
respect to any drug for reasons of safety or effi cacy, taking account of the serious-
ness of the condition and the range of optional treatments available. Safety issues 
are largely responsible for decisions to remove pharmaceutical products from the 
market. Nineteen drugs were discontinued, throughout the EU, for safety reasons 
from 2002 to 2011. The main therapeutic categories represented among banned 
pharmaceutical products were “nervous system,” “musculoskeletal system,” and 
nonsteroidal anti-infl ammatory drugs. Cardiovascular adverse reactions were the 
main reason for withdrawal, followed by hepatic disorders and neuropsychiatric 
conditions (McNaughton et al.  2014 ). 

 In the USA from 1980 to 2009, safety reasons accounted for 26 drug discontinu-
ations (3.5 % of the drugs approved in the study period). Severe cardiovascular 
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effects and hepatic toxicity were the major problems that caused the withdrawal of 
these products (Qureshi et al.  2011 ). 

 A total of 22 pharmaceuticals were removed from the market in France between 
2005 and 2011. The number of drug discontinuations increased during this period 
(Paludetto et al.  2012 ). 

 Several nervous system drugs were withdrawn for safety reasons (Table  2.1 ) 
(Aronson  2012 ; Jones and Kingery  2014 ; McNaughton et al.  2014 ). For instance, 
pemoline, a CNS stimulant approved in 1975 for treatment of Attention-Defi cit/
Hyperactivity Disorder (ADHD), was removed from the US market because of fatal 
hepatotoxicity in 2005.

   Rimonabant is a selective CB1 endocannabinoid receptor antagonist indicated 
for the treatment of obesity. Although available in Europe since 2006 for use as an 
adjunct to diet and exercise for obese or overweight patients with associated risk 
factors, rimonabant failed to secure FDA approval in the USA. Concerns had been 
growing that patients taking rimonabant were at increased risk of psychiatric adverse 
events, including suicidality. In October 2008, following a review of post-marketing 
data, the EMEA recommended suspension of the drug’s marketing authorization on 
safety grounds. Data had shown a doubling of the risk of psychiatric disorders in 
patients taking rimonabant in comparison with placebo. 

 Another drug that has been banned in the USA is pergolide, an ergot-derived 
dopamine receptor agonist used for the treatment of Parkinson’s disease. In 2007, it 
was discontinued due to increased rates of cardiac valve regurgitation, along with 
pleuropulmonary or retroperitoneal fi brosis related to its use. 

 The suspension of the marketing authorizations of tetrazepam-containing medi-
cines across the European Union in 2013 is derived from the evidence of a low but 

   Table 2.1    Examples of psychotropic drugs removed from the market for safety reasons, 1980–
2013 (Aronson  2012 ; Jones and Kingery  2014 ; McNaughton et al.  2014 )   

 Year withdrawn  Drug (generic name)  Reason withdrawn 

 1982  Clomacron  Hepatotoxicity (UK) 
 1983  Zimeldine  Hypersensitivity, Guillain-Barre 

syndrome (worldwide) 
 1986  Nomifensine  Hemolytic anemia (worldwide) 
 1991  Triazolam  Depression, amnesia (UK, France, 

and other countries) 
 1994  Remoxipride  Aplastic anemia (worldwide) 
 1995  Alpidem  Hepatotoxicity (worldwide) 
 1999  Amineptine  Hepatotoxicity, abuse (France and 

other countries) 
 2005  Thioridazine  Cardiotoxicity (UK and other 

countries) 
 2005  Pemoline  Hepatotoxicity (USA) 
 2011  Aceprometazine/acepromazine/

clorazepate 
 Cumulative adverse effects, misuse, 
fatal side effects (EU) 

 2013  Tetrazepam  Serious cutaneous reactions (EU) 
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increased risk of serious skin reactions of tetrazepam compared with other benzodi-
azepines (European Medicines Agency  2013 ). 

 In addition, psychotropic medications represent a group of drugs for which sev-
eral boxed warnings or other product labeling changes were performed by all the 
regulatory agencies (Table  2.2 ). For instance, the US FDA issued a series of adviso-
ries culminating in a black box warning for all antidepressants for patients under 
age 18 (Food and Drug Administration  2004 ), following a consistent fi nding of an 

   Table 2.2    Examples of safety warnings issued by the drug regulatory agencies concerning 
psychotropic drugs (Clavenna and Bonati  2009 ; Foy et al.  2014 )   

 Medicine  Adverse events  Actions taken 

 ADHD drugs  Cardiovascular adverse events, 
neuropsychiatric symptoms 

 Black box warning, medication 
guides, contraindications in at-risk 
patients 

 Agomelatine  Hepatotoxicity  Monitoring of liver function, warning 
in patients aged 75 years or over, 
medication guide for patients 

 Antidepressants  Increased risk of suicidality in 
children, adolescents, and young 
adults 

 Boxed warnings or other product 
labeling changes 

 Antiepileptics  Adverse effects on the bone  Vitamin D supplementation for 
at-risk patients 

 Antipsychotics  Venous tromboembolic events  SpC updated 
 Atomoxetine  Increased risk of suicidal thinking 

in children and adolescents 
 Boxed warning, SpC updated 

 Buproprion  Seizures  Improved warnings and revised 
dosing instructions 

 Citalopram/
escitalopram 

 QT interval prolongation  Daily dose restrictions, 
contraindications 

 Codeine  Risk of severe ADRs for infants 
with ultra-rapid metabolizer 
breastfeeding mothers 

 SpC updated, warnings 

 Respiratory depression  Restrictions on the use in children 
contraindicated in at-risk patients, 
boxed warning 

 Lamotrigine  Increased risk of potentially fatal 
rash, particularly in children 

 Warnings, SpC updated 

 Topiramate  Oligohydrosis, hyperthermia  SpC updated 
 Varenicline  Depression, increased risk of 

suicidal thinking and behavior 
 Boxed warnings, SpC updated 

 Ziprasidone  Drug reaction with eosinophilia and 
systemic symptoms (DRESS) 

 SpC updated 

 Zoplicone  Risk of next-day impairment  Dosage recommendations, SpC 
updated 

 Zonisamide  Oligohydrosis and hyperthermia in 
pediatric patients 

 SpC updated, monitoring for 
evidence of decreased sweating and 
increased body temperature 

   SpC  summary of product characteristics  
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increased risk of suicidality in children and adolescents. Moreover, epidemiologic 
fi ndings led to an update to the 2004 boxed warnings to include information about 
an increased risk of suicidality in young adults ages 18–24 during initial treatment 
with all antidepressants in 2007 (Food and Drug Administration  2007 ). The EMA 
issued analogous warnings for SSRIs and, additionally, contraindicated prescrip-
tions of SSRIs in youths (European Medicines Agency  2005 ).

   Similarly, in 2005 FDA and Health Canada warned of increased suicidality in 
children and adolescents being treated with atomoxetine for ADHD. Furthermore, 
all ADHD medications were involved in warnings about their cardiac risks 
(Clavenna and Bonati  2009 ). 

 Post-marketing safety regulatory actions frequently concern liver injury related 
to drug treatment. Hepatotoxic reactions, even severe forms with fatal outcomes, 
have been reported for many antidepressants, like nefazodone, which was sus-
pended from the US market in 2003 (Choi  2003 ), or amineptine, which was with-
drawn from the market in France in 1999 due to its potential of abuse (Prescrire 
Editorial Staff  1999 ). 

 More recently, liver problems have been reported in patients taking agomelatine, 
a novel antidepressant, fi rst approved in 2009 by the EMA for major depression in 
adults. The attention to its hepatic side effect profi le has gradually increased, lead-
ing the EMA to recommend in 2014 further measures aimed to minimize the risk of 
liver toxicity, such as monitoring of liver function during treatment and contraindi-
cation in patients aged 75 years or above, since they might be at an increased risk of 
severe hepatic effects (European Medicines Agency  2014 ). 

 Safety issues have also appeared recently for psychotropic drugs that have been 
on the market for more than 50 years (e.g., thiopental, codeine). An example is the 
signal concerning codeine and life-threatening toxicity (in particular, respiratory 
depression) in specifi c subgroups of patients at special risk of such side effects, such 
as cytochrome P450 2D6 ultra-rapid metabolizers or children below 12 years 
(European Medicines Agency  2013 ). This safety issue, due to a more striking con-
version of codeine into morphine in the body of at-risk patients, resulted in several 
restrictions or contraindications being introduced in order to minimize the risk of 
serious side effects. 

 Among recent safety communications related to nervous system drugs, an exam-
ple is the advisory issued in 2014 by Health Canada to healthcare professionals to 
inform about the risks of next-day impairment after exposure to the hypnotic zopi-
clone and ways to minimize it, including new dosing recommendations (Health 
Canada  2014 ). A recent warning issued by FDA in 2014 concerns the association 
between the use of ziprasidone and the onset of drug rash with eosinophilia and 
systemic symptom (DRESS) syndrome (Food and Drug Administration  2014 ). 

 Finally, several alerts released by regulatory agencies in 2011 on the potential 
cardiac toxicity (dose-dependent QTc prolongation) of citalopram and escitalopram 
resulted in daily dose restrictions (including in elderly patients) and contraindica-
tions of use of these drugs (Food and Drug Administration  2011 ; Italian Medicines 
Agency  2011 ).   
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2.4     Classifi cation of ADRs 

 Adverse drug reactions can be diffi cult and sometimes impossible to distinguish 
from the patient’s disease as they act through the same physiological and pathologi-
cal pathways. Moreover, some distinctive and specifi c physical signs can be consid-
ered with a high probability drug-related (e.g., extrapyramidal disorders or 
Stevens-Johnson syndrome). Because adverse drug reactions can mimic or precipi-
tate different pathological conditions, if the physician does not consider medica-
tions as a potential cause of the patient’s symptoms, additional drug therapy may be 
prescribed to treat the adverse effect of the original drug, causing what is called a 
“prescribing cascade.” The use of metoclopramide may induce parkinsonism, which 
will be treated with levodopa. Drug-induced cognitive impairment is among the 
most common causes of reversible dementia (e.g., narcotics, antihistamines). Falls 
can be precipitated by a wide variety of drugs (e.g., psychotropics, antihyperten-
sives), and the anticholinergic effect of many drugs (e.g., amitriptyline, oxybutynin) 
can result in dry mouth, constipation, urinary retention, blurred vision, and 
confusion. 

 Knowledge and use of ADR classifi cation systems can give the health profes-
sional greater clarity about an ADR and suggest ways of managing or avoiding a 
future event. 

 Adverse drug reactions can be classifi ed in various ways: immunologic or non- 
immunologic, predictable or unpredictable, and common or rare. 

 The most common classifi cation, proposed by Rawlings and Thompson ( 1977 ), 
divides ADRs into type A and type B reactions on the basis of the mechanism of 
action. 

2.4.1     Type A Adverse Event 

 Type A reactions are due to an exaggerated, but otherwise normal, pharmacologi-
cal action of a drug ( A  indicates  augmented ) given in the usual therapeutic doses. 
They are therefore largely predictable on the basis of the drug’s known pharmaco-
logic action (Riedl and Casillas  2003 ) and usually reversible on either adjusting 
the dose or withdrawing the drug. Examples of a type A reaction include 
antipsychotic- induced parkinsonism (a known and predictable side effect caused 
by the block of dopamine receptors), or daytime somnolence after a sedative-hyp-
notic taken for sleep. Furthermore, these reactions are expected to possibly occur 
in a certain percentage of individuals based on current scientifi c evidence. More 
than 80 % of all occurring ADRs are type A reactions, which include toxic effects 
(such as digoxin toxicity and serotonin syndrome caused by selective serotonin 
reuptake inhibitors), side effects, secondary effects (e.g., antibiotic-associated 
diarrhea), and drug interactions (e.g., lithium toxicity due to NSAID-induced inhi-
bition of its excretion). 
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 The effect of type A ADRs is generally less severe than type B events and is dose 
related; for example, some degree of anticholinergic symptoms can be observed in 
nearly everyone taking tricyclic antidepressants, provided the dose is large enough. 
However, they are not necessarily caused by overdosage but can be also seen after a 
normal dose is administered in a susceptible subject (e.g., constipation due to mor-
phine or gastrointestinal irritation with nonsteroidal anti-infl ammatory drugs). 

 Generally, type A reactions can be reproduced and studied experimentally and 
are often already identifi ed during the clinical trials done before marketing.  

2.4.2     Type B Adverse Event 

 Unlike type A reactions, type B ADRs cannot be explained based on the pharmaco-
logic actions of the offending agent, are not dose related in most patients, and may 
develop quite unpredictably in susceptible individuals (the  B  indicates  bizarre ) 
(Riedl and Casillas  2003 ; Pillans  2008 ). They are generally serious and notoriously 
diffi cult to study. The majority of type B reactions can occur in predisposed patients 
as a result of an immune-mediated mechanism ( allergic  or  hypersensitivity  reac-
tions,  pseudoallergy  or  anaphylactoid  reaction), where the drug acts as an antigen 
or allergen. Less frequently, type B ADRs may occur with a mechanism not yet 
understood ( idiosyncratic reactions ), generally due to a genetic or acquired enzyme 
abnormality with the formation of toxic metabolites. Neuroleptic malignant syn-
drome, hyperthermia of anesthesia, and tardive dyskinesia caused by neuroleptic 
drugs fall into this category. 

 ADRs classifi ed as type B reactions are usually quite rare, representing about 
10–15 % of all ADRs but are the more troublesome than type A. Differently from 
type A reactions, in patients with a type B ADR, it is usually necessary to withdraw 
therapy. They are not identifi ed in pre-marketing trials and are only exhibited when 
the drug has been on the market for some time and used in a wide variety of patient 
populations. These side effects came to light after further studies were conducted or 
various case reports were supplied via post-marketing surveillance documenting the 
adverse events. 

 Type B drug allergies can be further subdivided in several ways and can induce 
severe responses that are deadly to susceptible individuals.

•    Type I allergic reactions are classifi ed as immunoglobulin E (IgE) mediated. An 
example of this type of allergy is anaphylaxis induced by beta-lactam antibiotics 
(penicillin allergy).  

•   Type II reactions are cytotoxic. An example of this is a specifi c type of thrombo-
cytopenia induced by heparin, which can be quite severe.  

•   Type III reactions are categorized as immune complexes and occur when anti-
gens and antibodies (immunoglobulin G [IgG] or immunoglobulin M [IgM]) 
accumulate in the body in equal amounts, causing extensive cross-linking. An 
example of this reaction is hydralazine-induced systemic lupus erythematosus 
(SLE).  
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•   Type IV reactions are described as delayed or hypersensitivity reactions. These 
generally take 2–3 days to develop and are not described as antibody mediated 
but instead are induced by a cell-mediated response. Contact dermatitis caused 
by an offending skin product is an excellent example of this type of reaction.    

 There are other groups in this system of classifi cation, but these may also be 
considered as subclasses or hybrids of type A and B ADRs. These are type C ADRs 
(chronic reactions, dose and time related), type D (delayed reactions, time related), 
type E (end of use reactions), and type F (failure of therapy) (Edwards and Aronson 
 2000 ; Meyboom et al.  2000 ; Rehan et al.  2009 ). 

 The characteristics, some examples, and the management of these ADRs are 
listed in Table  2.3 . Another ADR classifi cation scheme is based on frequency of the 
occurrence of a particular drug-induced reaction. Based on pre-approval studies and 
post-marketing reports, the frequency of a particular ADR can also be hypothesized. 
ADR frequency categories for adverse events are generally defi ned as very common 
(≥1/10), common (≥1/100 but <1/10), uncommon (≥1/1000 but <1/100), rare 

   Table 2.3    Classifi cation of adverse drug reactions   

 Type of reaction  Mnemonic  Features 
 Examples relevant to 
psychiatry 

  A : Dose related  Augmented  Common 
 Related to pharmacological 
action of the drug 
 Predictable 
 Low mortality 

 Serotonin syndrome with 
SSRIs 
 Anticholinergic effects of 
tricyclic antidepressants 
 Phenytoin toxicity 

  B : Nondose 
related 

 Bizarre  Uncommon 
 Not related to 
pharmacological action of 
the drug 
 Unpredictable 
 High mortality 

 Anticonvulsant syndrome 
 Clozapine-induced 
agranulocytosis 

  C : Dose related 
and time related 

 Chronic  Uncommon 
 Related to the cumulative 
dose 

 Propofol infusion syndrome 
 Malignant hyperthermia with 
halothane 

  D : Time related  Delayed  Uncommon 
 Usually dose related 
 Occurs or becomes 
apparent some time after 
the use of the drug 

 Tardive dyskinesia with 
chlorpromazine 

  E : Withdrawal  End of use  Uncommon 
 Occurs soon after the 
withdrawal of the drug 

 Opiate withdrawal syndrome 

  F : Unexpected 
failure of therapy 

 Failure  Common 
 Dose related 
 Often caused by drug 
interactions 

 Unwanted pregnancies 
following interaction 
between oral contraceptives 
and St. John’s wort 
(hypericum) 

  Adapted from Edwards and Aronson ( 2000 ) 
  SSRIs  serotonin selective reuptake inhibitors  
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(≥1/10,000 but <1/1000), and very rare (<1/10,000). These basic defi nitions are 
utilized to describe and classify adverse drug events. These data attempt to quantify 
adverse drug reactions to some degree and may simply refer to the general popula-
tion. However, a particular ADR may be common in specifi c groups of patients. 
Stratifying those patients in whom ADRs may be more prevalent is important, as 
some ADRs are restricted to a small segment of the population at greatest risk. 
ADRs are usually more prevalent in the elderly, because of potential interactions 
with other agents, as medication use is much more prevalent in the elderly than in 
the general population. Geriatric patients might also be at greater risk for develop-
ing a Type A ADR because of the potential for reduced hepatic or renal metabolism 
due to age, which results in higher drug concentrations. In some cases, age-related 
changes may involve not only pharmacokinetics but also pharmacodynamics, with 
signifi cant clinical consequences. An excellent example of pharmacodynamic 
changes in the older adult has been demonstrated with benzodiazepines. Older 
adults have more sedation and lower performance than younger persons at the same 
plasma concentration (Reidenberg et al.  1978 ).

   A more recent classifi cation (Table  2.4 ) accounts for the dose relatedness, time 
course, and susceptibility of the patient (DoTS) to a reaction, and this classifi cation 
is increasingly used (Aronson and Ferner  2003 ). Malignant hyperpyrexia, for exam-
ple, occurs at any dose in susceptible individuals (Do) and occurs on fi rst dose (T), 

   Table 2.4    DoTS (dose relatedness, time course, and susceptibility) classifi cation of adverse drug 
reactions   

 Classifi cation  Subclassifi cation  Explanation/further classifi cation 

 Dose  Toxic 
 Collateral 
 Hypersusceptibility 

 Reactions occurring at supratherapeutic doses 
 Reactions occurring at therapeutic doses 
 Reactions occurring at subtherapeutic doses in 
susceptible individuals 

 Time course  Time independent 
 Time dependent 

 Occur at any time during therapy 
 Occur: 
   Due to  rapid administration  
   After the  fi rst dose  of a medication but not always 

after subsequent doses 
    Early reactions  that resolve (i.e., due to tolerance) 
    Intermediate reactions  after some time (i.e., 

nonallergic hypersensitivity reactions) 
    Late reactions  (incidence increases with longer 

duration of therapy) 
    Delayed reactions  much later after administration, 

even after cessation of the drug (i.e., 
carcinogenesis) 

 Susceptibility  Genetic 
 Age 
 Gender 
 Physiological variation 
 Exogenous factors 
 Diseases 

 Single or multiple factors associated with risk of an 
adverse drug reaction 

  Adapted from Aronson and Ferner ( 2003 )  
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and individual susceptibility factors are an inherited mutation for the ryanodine 
receptor (S). The advantage of this system consists in the fact that an ADR can be 
profi led in such a way that implications for its management may be more obvious. 
For example, the dystonic reactions to metoclopramide can be characterized as a 
collateral time- dependent reaction, with both sex and age acting as susceptibilities. 
Future management would therefore focus on avoiding the use of the drug in sus-
ceptible groups such as children and young women.

   It is important to realize, however, that it is not always possible to classify an 
adverse drug reaction into one of these categories; furthermore, in any one individ-
ual, more than one mechanism may be responsible for any particular adverse effect.      
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    Chapter 3   
 Methods for the Post-Marketing Monitoring 
of Psychotropics Safety: Interests and Pitfalls                     
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    Abstract     Psychotropics are among the most widely used drugs, which makes their 
safety monitoring absolutely crucial. This monitoring is also especially important 
given the frequency and potential seriousness of adverse effects related to psycho-
tropic drug use. The impact of benzodiazepine use, for instance, has been estimated 
to more than 20,000 serious falls per year in French elderly, around 2000 of these 
being fatal. None of the antidepressants existing is considered completely safe. If 
serotonin reuptake inhibitors have extremely low cardiac toxicity compared to tricy-
clic antidepressants, they can still be incriminated for QT prolongation and have 
been shown to signifi cantly increase the risk of bleeding. Finally antipsychotics are 
associated with numerous serious side effects that only appear acceptable with 
regard to the seriousness of their indication. However, drug monitoring is not an end 
in itself; it has to be associated to a specifi c goal. Apart from safety signal detection 
and risk confi rmation, the usual objectives of pharmacovigilance and pharmacoepi-
demiology, it needs to help clinicians to choose which therapeutic they should con-
sider within those presenting a benefi t in a given indication. The tools that can be 
used for the post-marketing monitoring of psychotropics safety include (i) pharma-
covigilance and individual case analysis, (ii) pharmacoepidemiology and popula-
tion data analysis and (iii) meta-analysis and clinical trial data analysis. In the 
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following sections, we will present the interests, pitfalls and complementarity of 
these three approaches for this monitoring activity.  

  Keywords     Psychotropic drugs   •   Safety   •   Monitoring   •   Limitations   • 
  Pharmacovigilance  

3.1         Introduction 

 Psychotropics are among the most widely used drugs, which makes their safety 
monitoring absolutely crucial. This monitoring is also especially important given 
the frequency and potential seriousness of adverse effects related to psychotropic 
drug use. The impact of benzodiazepine use, for instance, has been estimated to 
more than 20,000 serious falls per year in French elderly, around 2000 of these 
being fatal. None of the antidepressants existing is considered completely safe. If 
serotonin reuptake inhibitors have extremely low cardiac toxicity compared to tricy-
clic antidepressants, they can still be incriminated for QT prolongation and have 
been shown to signifi cantly increase the risk of bleeding. Finally antipsychotics are 
associated with numerous serious side effects that only appear acceptable with 
regard to the seriousness of their indication. However, drug monitoring is not an end 
in itself; it has to be associated to a specifi c goal. Apart from safety signal detection 
and risk confi rmation, the usual objectives of pharmacovigilance and pharmacoepi-
demiology, it needs to help clinicians to choose which therapeutic they should con-
sider within those presenting a benefi t in a given indication. The tools that can be 
used for the post-marketing monitoring of psychotropics safety include (i) pharma-
covigilance and individual case analysis, (ii) pharmacoepidemiology and popula-
tion data analysis and (iii) meta-analysis and clinical trial data analysis. In the 
following sections, we will present the interests, pitfalls and complementarity of 
these three approaches for this monitoring activity.  

3.2     Strengths and Limitations of Pharmacovigilance 
for Psychotropic Safety Monitoring 

 Post-marketing pharmacovigilance is mostly based on spontaneous reporting, 
through which physicians, health professionals and patients can notify adverse 
experiences related to medical drugs to their healthcare system. 

 Pharmacovigilance relies on the analysis of the information contained in these 
reports. The analysis of this information can consist on an individual case analysis 
aiming to determine the likelihood of the drug causality in the occurrence of a given 
adverse event. It can also consist in comparative statistical analyses of the  frequencies 
of adverse event reporting observed for the different drugs, the so-called  dispropor-
tionality analyses . 
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3.2.1     Strengths and Limitations of Individual Case Reports 

 The analysis of individual case reports is historically how clinicians specialised in 
drug safety initially identifi ed unknown drug adverse effects. This exercise is what 
led to the identifi cation of the link between thalidomide and a/phocomelia and is 
also related to the classical etiological activities that clinicians routinely engage 
when trying to identify the cause of a disease. In drug safety monitoring, individual 
case report analysis is mostly useful for the detection of unknown adverse events, 
mostly in the early stages of drug marketing, even though it also allows the identifi -
cation of drug adverse events long after their marketing date. The most notable 
psychotropic-related adverse effects identifi ed through individual case report analy-
sis include amnesia automatism with benzodiazepines (Hugues et al.  1987 ), serious 
cutaneous reactions with tetrazepam (Breuer et al.  2009 ; Sanchez-Morillas et al. 
 2008 ), bleeding with antidepressants (Aarts et al.  2014 ) and/or metabolic syndrome 
with atypical antipsychotics (Falissard et al.  2011 ; Tournier et al.  2012 ). 

 However, this approach has some limitations. Reporting varies with time and it 
is almost impossible, among all reports, to identify those that clearly constitute a 
signal. Individual case analysis, which needs robust and extensive data to be per-
formed, can be carried out by comparative statistical analyses of reporting frequen-
cies, which does not require high data quality. The latter can indeed be performed 
only if drug use and reaction type are well documented, in addition to basic infor-
mation on patient age and sex.  

3.2.2     Strengths and Limitations of Disproportionality Analyses 

 The principles of disproportionality analyses are simple: using data from a sponta-
neous reporting database (i.e. a collection of data compiled from individual reports), 
the reporting rate of one event for one drug is compared to the reporting rate of the 
same event for other drugs. The potential safety signals identifi ed by applying sta-
tistical methods to spontaneous reporting data are called Signals of Disproportionate 
Reporting (SDRs). SDR detection is currently routinely performed by numerous 
drug agencies (EMA, WHO, FDA etc.) as part of their drug safety signal detection 
activities. The main limitations of SDR monitoring concern event-competition bias 
and drug-competition bias. 

3.2.2.1     Event-Competition Bias 

 The reporting rate of an event for a given drug corresponds to the proportion of 
reports for that drug (among all reports present for that drug in a spontaneous report-
ing database) that mentions the event of interest. The more an event is reported for 
a drug, the higher its reporting rate will be and the lower the reporting rates of other 
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events. If the event of interest is reported signifi cantly more with one drug than with 
another, its reporting rate has a differential impact on the reporting rates of other 
events for that drug of interest as well as for all other drugs. When the reporting rate 
is high for a drug, it will lower its reporting rates for other events signifi cantly, while 
it will not decrease reporting rates of other events for other drugs with a lower 
reporting rate. Thus, the difference in reporting for one event between drugs can 
actually artifi cially induce numerous other differences for the drugs and lead to 
biased associations when performing disproportionality analyses. This bias has 
been called event-competition bias, or masking effect (Salvo et al.  2013 ; Pariente 
et al.  2010 ,  2012a ). It can affect disproportionality analysis and safety signal detec-
tion for psychotropics in many ways but was mostly demonstrated for antipsychot-
ics considering the potential competition induced by reporting of extrapyramidal 
syndrome which hinders signal detection that could otherwise be reliably performed 
though disproportionality analyses. 

 In the study that demonstrated the impact of event-competition bias due to 
antipsychotic- related safety signalling (Pariente et al.  2012a ), data was used from 
the French Pharmacovigilance Database, which includes all adverse drug reactions 
reported to the 31 French regional pharmacovigilance centres by health profession-
als but not those reported to manufacturers. The regional centre reviews and assesses 
each report before entering them into the database and ensures that the diagnosis 
and associated coding for all ADRs are accurate. The potential event- competition 
bias induced by antipsychotic-related reports of extrapyramidal syndrome was 
explored by performing two data-mining analyses to identify SDRs related to anti-
psychotics. In the fi rst analysis, SDR detection was performed in the whole data-
base. In the second, it was performed on a restricted database obtained after 
removing all the reports mentioning extrapyramidal syndromes, irrespective of the 
drugs mentioned in the omitted reports. In doing so, the differences in extrapyrami-
dal syndrome reporting between drugs could no longer differentially affect the 
reporting rates of other events related to other drugs. The results of the two proce-
dures were then compared to see if new SDRs appeared for antipsychotics once the 
infl uence of reporting of extrapyramidal syndrome for any drugs had been removed 
from the database. The data-mining algorithm chosen for the SDR detection was the 
Reporting Odds Ratio (ROR) of the case/non-case method (Moore et al.  2005 ). To 
focus only on potential signals that would have been considered relevant for the 
examination in routine pharmacovigilance practice, only SDRs with three or more 
exposed cases were selected. 

 In the French Pharmacovigilance Database, extrapyramidal syndrome repre-
sented 3.1 % of all reports entered for the 15-year period of reporting considered 
and 16.3 % of all reports mentioning antipsychotics. Removing all reports of 
 extrapyramidal syndrome from the database (i.e. the related 3.1 % of all the data-
base reports, including those representing 16.3 % of reports mentioning antipsy-
chotics) allowed the identifi cation of six SDRs previously undetected using the 
standard procedure as currently applied in pharmacovigilance systems performing 
SDR detection. The safety issues already widely identifi ed for three SDRs were 
gynecomastia or galactorrhoea, metabolic disorders, and hepatic disorders, while 
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one potential spurious SDR (perception disturbance) was likely related more to the 
indication of antipsychotics than to their adverse effects. The two potential new 
safety signals identifi ed were cleft palate abnormalities and congenital gastrointes-
tinal abnormalities. Few data are currently available from the literature for the latter 
two, which need to be further investigated. 

 This study illustrates one of the pitfalls associated with the use of spontaneous 
reporting data for the post-marketing assessment of antipsychotics. Dealing with 
this pitfall is however easy and should be systematically performed, at least as a 
sensitivity analysis, when performing pharmacovigilance studies aiming to identify 
or explore SDRs concerning antipsychotics.  

3.2.2.2     Drug-Competition Bias 

 Drug-competition bias is a bias similar to that previously described for events, by 
which reports for a given drug for one event will hamper the detection of SDRs 
associating this event to other drugs. This bias has been demonstrated, for instance, 
for rhabdomyolysis, for which very few SDRs can be detected other than for statins 
and fi brates, except when excluding all reports related to these drugs from spontane-
ous reporting datasets, whatever the event reported. To which extent this bias could 
affect SDR detection for psychotropics is still being investigated. 

 Among other biases affecting SDR detection, most concern differences in under- 
reporting between drugs and events, which can lead to statistically signifi cant sig-
nals of disproportion that do not refl ect differences in true incidence of adverse 
events in any way. Among the many possible reasons for differential under- 
reporting, notoriety bias and differences associated to time of marketing are of spe-
cifi c importance as they vary with time and can even combine to create challenges 
regarding SDR detection activity. This was especially illustrated for psychotropic 
drugs regarding differences in SDR detected for the risk of suicide with antidepres-
sants, with the bias in SDR detection being designated as “dilution bias” (Pariente 
et al.  2009 ). On May 2003, a TV show was aired on the British Broadcasting 
Corporation channel (BBC) focussing on the risk of suicide associated with antide-
pressants, which was considered a prominent issue at that time. The show was 
highly publicised and drew much attention to these drugs from the general popula-
tion as well as from health professionals. Consequently, a signifi cant rise in the 
reporting of suicide with antidepressants occurred. Interestingly, this was respon-
sible for the detection of SDR for suicide not for all antidepressants but only for 
escitalopram, the most recently introduced drug of this class at that time. The mech-
anism leading to this difference in SDR detection was very simple: escitalopram 
had been involved in very few reports at the time the programme was aired. Thus, 
the stimulated high number of reports associating suicides with antidepressants 
(and escitalopram) following the broadcasting of the show constituted a very impor-
tant proportion of all reports for escitalopram. Conversely, despite being similar to 
other antidepressants, it was hidden among all cases of adverse events that had been 
notifi ed since their launching. Results of SDR detection were no longer different 
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among  antidepressants when considering all only the reports corresponding to a 
comparable time period. In the case of our study, the chosen period was that between 
escitalopram marketing and the 6 months following the BBC programme airing. 
Figure  3.1  illustrates this phenomenon of dilution of cases within an important pre-
existing amount of reports for three of the studied drugs with different marketing 
time: escitalopram (year of marketing, 2002), paroxetine (year of marketing, 1991) 
and venlafaxine (year of marketing, 1997). When looking at cumulative amount of 
reports, no increase in the spontaneous reporting of suicides can be observed for 
paroxetine or venlafaxine after the show. This is completely unmasked when look-
ing at instantaneous reporting rate (that of the 2-month period and not that of all 
reports from marketing to the end of the period). This observation excluded the 
potential role of escitalopram in inducing a higher risk of suicides than any other 
antidepressants in the UK and prevented the drug from being erroneously 
withdrawn.

3.2.2.3        Strategies to Improve Drug Monitoring Using Spontaneous 
Reporting Data 

 Used in a more sophisticated way, disproportionality analyses can be used, in addi-
tion to other methods, to rank drugs from the same therapeutic/pharmacologic class 
for the risk of reporting of one event. This innovative method has been developed 
recently in the context of the ARITMO project aiming to study the ventricular 
arrhythmogenic potential of drugs (i.e. all events of this type from simple QT pro-
longation to torsade de pointes or sudden cardiac death). Using this approach, anti-
psychotics were ranked for the risk of such conduction disorders. As this ranking 
also considered the global number of reports (number of cases), the global number 
of cases for which no other at-risk drug was mentioned in the report and the serious-
ness of the reported event, this approach integrated all aspects of reporting informa-
tion for the assessed drugs (Salvo et al.  2014 ).    
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  Fig. 3.1    Dilution bias: cumulative ( left ) and instantaneous ( right ) reporting rates for death by 
suicide among all reports for three antidepressants in the UK. After a TV show discussed this pos-
sible issue, a signal of disproportionate reporting (cumulative) was found for the newest antide-
pressant, escitalopram, but not the older drugs (Adapted from Pariente et al.  2009 )       
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3.3     Strengths and Limitations of Pharmacoepidemiology 
for Psychotropic Drug Safety Monitoring 

 Pharmacoepidemiology studies consist in the analysis of information from a popu-
lation, either performed from data collected prospectively specifi cally for the study 
or performed from data of an existing database. These existing databases can con-
sist in a specifi c cohort database or in electronic healthcare record database, of 
which there are different types, such as claim databases, hospital databases etc. 
Pharmacoepidemiology research mostly consists of drug utilisation studies and of 
drug safety studies aiming to identify and quantify health risks associated with the 
use of marketed drugs. The aim of drug utilisation studies is to facilitate the rational 
use of drugs in populations. To achieve this goal, it is necessary to have information 
on how drugs are being prescribed and used, in order to identify potential misuse, to 
improve drug use and to design interventions such as educational programmes and 
drug safety communications, thus optimising the use of marketed drugs. Drug 
safety studies follow two main types of designs: the cohort design that allows the 
investigation of an initial exposure on multiples outcomes, provided that the out-
comes are suffi ciently frequent to be observed in the studied population, and case- 
control design that allows the investigation of potential effects of various exposures 
on a given outcome, provided that these exposures are suffi ciently frequent in the 
studied population. In the following sections, we will describe the use and limita-
tions of (i) drug utilisation studies and (ii) drug safety studies performed using data-
bases for the post-marketing monitoring of psychotropics. Examples will be taken 
from studies performed in paediatric and adult psychiatric populations, as well as 
from populations of elderly dementia patients. 

3.3.1     Strengths and Limitations of Drug Utilisation Studies 

 The main role of drug utilisation studies in the context of psychotropic drugs is to 
describe the use of these drugs, including misuse, abuse or otherwise inappropriate 
use through which the prescribed drugs can be harmful or ineffective. Studying 
psychotropic drug use is also an indirect way to investigate the psychiatric health of 
a region/state/country and how this changes over time, for instance, in relation to 
changes in society, employment rate within a population, fi nancial diffi culties etc. 
Drug utilisation studies targeting psychotropic drugs are thus powerful tools to 
study and monitor population health indirectly. 

 Considering benzodiazepines, the use of which is a concern in most European 
countries (especially France and Northern Europe), and drug utilisation studies per-
formed from cohort databases demonstrated that almost one third of persons aged 
65 and over were frequent users and that approximately 60 % of persons aged 70 
and over were frequent benzodiazepines users (i.e. several days per week) for at 
least 2 years. There are several studies on this topic, all of which illustrate that the 
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most important problem related to benzodiazepine use in the elderly is the diffi culty 
of discontinuing these drugs. This in turn leads to prolonged risks associated with 
the use of these drugs, which have only short-term effi cacy in sleep disorders or 
anxiety. A particular limitation of these studies is that nowadays most are performed 
using electronic healthcare databases that lack detailed medical information. Due to 
the biases inherent to each pharmacoepidemiology safety study (see following sec-
tion), the lack of medical information on psychotropic drug users constitutes an 
important limitation. If proxies of this medical information can be found from data 
entered in these electronic databases, they imply drawing hypotheses instead of 
making direct observations and signifi cantly limit the potential of pharmacoepide-
miology studies to establish causal associations. An example is given below con-
cerning the patterns of use of cholinesterase inhibitors in dementia patients. In a 
study published in 2009, persistence to cholinesterase inhibitors was found to be 
higher in patients younger than 80, exposed to antidepressants at the time cholines-
terase inhibitors were initiated and also exposed to antipsychotics. The assumptions 
were thus made that there was a greater interest in pursuing treatment among 
younger dementia patients as well as in those suffering behavioural disorders 
(explaining the use of antipsychotics and antidepressant). However, the alternative 
hypothesis would be that these younger patients just receive more intensive care 
than older ones, independently of the seriousness of symptoms. Not being able to 
conclude which hypothesis really refl ects the truth hampers the provision of recom-
mendations concerning the use of psychotropic drugs in this case as in many others. 
If the fi rst hypothesis was true, recommendations would focus on improving drug 
persistence (in this case, to cholinesterase inhibitors) whatever the age and mostly 
in early stage dementia. If the second hypothesis was true, recommendations would 
have completely differed, focusing instead on the more judicious use of psychotro-
pics irrespective of age, reserving them only for patients with mood or behaviour 
disorders, as their use in dementia is associated with serious adverse events.  

3.3.2     Strengths and Limitations of Pharmacoepidemiological 
Drug Safety Studies 

 Pharmacoepidemiological drug safety studies are performed to provide information 
which complements that provided by RCTs with respect to the risks associated to 
drug use in routine care because RCTs are too short and their populations too small 
and homogeneous to allow the investigation of harmful drug effects. However, drug 
safety studies cannot provide information on causal associations. Among their 
many limitations, the ones inherent to these studies that have to be addressed are the 
following: (i) protopathic bias, (ii) indication bias and (iii) confounding. Protopathic 
bias can link drug to disease occurrence when the drug is actually used to treat the 
very early symptoms of an unrecognised disease. Indication bias can link drug to 
disease occurrence when the indication in which the drug is used is itself a risk fac-
tor for the disease being studied as a potential drug side effect. Finally confounders 
can link drug to disease when the risk of a drug being used is increased in people 
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presenting with confounding conditions increasing the risk of developing the dis-
ease being studied. In these three situations, the drug is not at all involved in the 
development of the disease but can however be statistically associated with it in 
the sense that drug users can be found to present with higher risk of developing the 
disease than drug non-users. 

3.3.2.1     Protopathic Bias 

 Antidepressants are mainly prescribed to treat depressive episodes, but their pre-
scription should preferentially concern major depressive episodes as their effi cacy 
has been shown to be very limited in the management of mild to moderate depressive 
disorders. Anxiety and depressive symptomatology can constitute early symptoms 
of dementia. For this reason, it is very diffi cult to assess properly the causal associa-
tion between antidepressants or anxiolytic drug and the subsequent occurrence of 
dementia. This situation is made even more complex by the very long prodromal 
phase of dementia, in which pathological lesion and prodromal symptoms can be 
observed more than 20 years and more than 10 years before diagnosis, respectively. 
Two different studies were published in the BMJ specifi cally regarding the potential 
increase in the risk of dementia associated with the use of benzodiazepines. To deal 
with the potential protopathic bias, the authors used different methods. The fi rst 
study (Billioti de Gage et al.  2012 ) excluded people with dementia at benzodiaze-
pine initiation and carried out systematic screening of included subjects for demen-
tia allowing the identifi cation of numerous dementia cases in subjects without a 
dementia diagnosis. This also allowed the authors to take into account the existence 
and seriousness of cognitive decline, depressive symptomatology and anxiety at the 
time benzodiazepine was initiated, which cannot be done presently from electronic 
healthcare databases. This study demonstrated a potential 50 % increase in the risk 
of dementia for incident benzodiazepine users aged 70 and over, over a follow-up of 
15 years, most of which was observed more than 10 years after starting benzodiaz-
epine. A similar increase was demonstrated by the second study (Billioti de Gage 
et al.  2014 ), which used data from the Quebec reimbursement database, that pro-
vides more power due to the larger number of patients included. To eliminate pre-
scriptions potentially related to prodromal symptoms of dementia, the information 
on benzodiazepine use was censored for the 5–6 year period preceding the diagnosis 
of cases and the selection date of controls. In doing so, exposure to benzodiazepines 
during the 5–10 year period preceding the fi rst prescription of benzodiazepines was 
found to be associated with a 50 % increase in the risk of developing dementia, with 
the risk being higher for drugs with long half-life compared to short-acting ones.  

3.3.2.2     Indication Bias 

 Indication bias leads to spurious associations when the indication of a drug corre-
sponds to a situation increasing or decreasing the risk of an event. The drug indi-
cated can thus be associated to an increase or a decrease in the risk of an event not 
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because of its effect but only because of its indication. Regarding psychotropics, 
depression is a risk factor of cognitive decline, dementia or suicide in the patient and 
cognitive development disorder in children having parents. Anxiety is a risk factor 
for cardiovascular disorders, mostly for ischemic heart disease but also for 
depression. 

 Cholinesterase inhibitors are indicated in patients with mild to moderate demen-
tia, who are of course at lower risk of institutionalisation than patients with advanced 
dementia. The use of cholinesterase inhibitors should therefore be found to be asso-
ciated with a decrease in the risk of institutionalisation, not because of its pharma-
cological effect but because of its indication in demented in a condition being at low 
risk of this event compared to others. When trying to evaluate the risk of institution-
alisation associated with nonpersistence to cholinesterase inhibitors, Pariente et al. 
had to take indication bias into account, even though the data available from the 
electronic healthcare database used lacked information on the stage of dementia 
(Pariente et al.  2012b ). To do so, they considered for their analysis all information 
potentially indicating a more advan c ed disease (as the use of antipsychotics or anti-
depressants, for instance). Another example can be given in which despite the 
advanced study design, controlling for indication bias was incomplete (Pariente 
et al.  2012c ). For numerous reasons that have been cited before, patients taking 
antipsychotics have increased risk of presenting with an MI, independently of the 
potential role of antipsychotics. To limit this potential bias in a study performed 
among dementia patients, we used different methods including traditional adjust-
ment, propensity score adjustment and the use of a self-controlled case series design. 
This was done to take into account confounding related to any time-independent 
risk factor but not time-dependent ones. In the case of incident antipsychotic treat-
ment, we had to acknowledge that residual confounding by indication could not be 
excluded. Indeed, if a dementia patient was prescribed an antipsychotic, it is  possible 
that the main factors contributing to the acute risk of MI are symptoms of delusion 
and agitation which increase stress and anxiety, thus potentially accounting for a 
temporary indication bias.  

3.3.2.3     Confounding and Confounding Factors 

 Grimes and Schultz give a very clear defi nition of confounding in their paper on 
biases published in the Lancet series on epidemiology. They explain it as follows: 
“Confounding is a mixing or blurring of effects. A researcher attempts to relate an 
exposure to an outcome, but actually measures the effect of a third factor, termed a 
confounding variable. A confounding variable is associated with the exposure and 
it affects the outcome, but it is not an intermediate link in the chain of causation 
between exposure and outcome.” They fi nally state: “Confounding is often easier to 
understand from examples than from defi nitions.” We will therefore give some 
famous example of confounding that occurred, were suspected or are still present in 
the context of psychotropic post-marketing assessment. 
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 One such example concerns the potential association between antipsychotic use 
and myocardial infarction (MI) in patients with psychosis. Clearly, these patients 
have an increased baseline risk of MI compared to nonpsychotic patients but 
whether antipsychotics add to this risk remains unclear. Psychotic patients tend to 
be heavy smokers and have several deleterious life habits regarding their cardiovas-
cular health as compared to nonpsychotic patients. They also tend to have a gener-
ally much lower socioeconomic status and are thus less likely to have an ideal 
lifestyle in terms of diet and physical activity. All the above factors clearly expose 
them to an increased risk of MI. Adding antipsychotics to the risk factors for MI, the 
real risk of MI attributable to antipsychotics is unclear. Is the use of antipsychotics 
really responsible for the increased risk of MI observed in antipsychotic users? The 
proper way to deal with this confounding is to try to compare the risk of MI in anti-
psychotic users and non-users with similar status regarding smoking, diet, physical 
activity and so on. This was attempted but was nevertheless not completely convinc-
ing either to clearly incriminate antipsychotics or to clearly dismiss their potential 
harmful effects in that situation. The fact that their use has been found to increase 
the risk of thrombotic events in other contexts (e.g. stroke or MI in dementia patient) 
for which such confounders would not act supports the likelihood of a causal effect, 
but there is still insuffi cient evidence to reach a conclusion. Confounding occurs in 
every non-randomised study and is always treated with caution to avoid reaching 
conclusions on the basis of spurious associations. Large electronic healthcare data-
bases, particularly those lacking detail on medical history, are powerful tools as they 
include numerous variables that allow a large number of confounders to be consid-
ered. This can be addressed using traditional adjustment in the study of psychotro-
pics (Trifi rò et al.  2007 ,  2010a ,  b ) but also the earlier mentioned self-controlled 
design in which a case constitutes its own control, as is done in crossover trials 
(Douglas and Smeeth  2008 ; Whitaker et al.  2009 ; Maclure  2014 ). 

 As one can moreover consider that the information contained in such databases 
refl ects many characteristics of subjects’ lifestyle and propensity to use healthcare 
services, etc., it has been demonstrated that taking this information into account 
could control for confounding. This is mostly the principle underlying the use of 
propensity scores or disease risk scores that have been widely used in the pharma-
coepidemiologic assessment of psychotropics (Rassen et al.  2013 ; Wang et al.  2005 ) 
and have allowed this research to provide more compelling evidence about the asso-
ciations under investigation.    

3.4     Strengths and Limitations of Meta-analyses 
for Psychotropic Drug Safety Monitoring 

 Meta-analysis is a research method in which studies, rather than people, are sur-
veyed; it represents one way to summarise, integrate and interpret selected studies 
related to one or more outcomes of interest. In doing so, it circumvents the sample 
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power limitations of individual studies and increases the generalisability of the 
results. Of course, it is necessary that included studies share enough characteristics 
as to allow a meaningful comparison, especially in terms of outcome(s) of interest 
and in terms of study design. As an example, it is well known that antipsychotics 
can induce QT prolongation. Although this could be a causal factor for potentially 
fatal cardiac arrhythmias, both cardiac arrhythmias and sudden cardiac death can be 
due to other causes. Thus, pooling events such as QT prolongation and cardiac 
arrhythmias in a single meta-analysis are inappropriate. 

 From a general point of view, two main sources of data are available to carry out 
meta-analyses aiming to study the safety of drugs: clinical trials and observational 
studies. These two settings have important differences and different limitations 
that have to be taken into account. Even if the information they provide is interest-
ing, it is generally inappropriate to pool the results from clinical trials and observa-
tional studies. 

3.4.1     Strengths and Limitations of Meta-analysis 
of Clinical Trials 

 Randomised clinical trials (RCTs) are without doubt the best study design for the 
assessment of health intervention effi cacy. However, existing clinical trials are not 
the best sources of information for the evaluation of the safety of drugs, especially 
for heterogeneous drug classes such as psychotropic drugs. Among these drugs, 
antipsychotics are probably the most heterogeneous. They have several defi nitions 
and classifi cations, the most common of which refers to them as fi rst- and second- 
generation antipsychotics. This classifi cation has several limitations, as, for exam-
ple, it does not take into account the differences in the molecular structure of these 
drugs or in their pharmacological action. Aside from a potential difference in the 
safety profi le of antipsychotics regarding antipsychotic-induced Parkinsonism, the 
concept of fi rst- and second-generation antipsychotics also implies important differ-
ences regarding drug monitoring and assessment: development and marketing of 
these drugs relate to a very different era of drug safety evaluation and to signifi cant 
differences in evidence-based standards. This is important to take into account when 
planning a meta-analysis: comparing clinical trials performed about 50 years ago 
with studies performed in the last 10 years can be inappropriate, whether evaluating 
effi cacy or safety. Safety was not a concern for the fi rst antipsychotics initially, as 
no pharmacological alternatives were available. Over time, safety aspects became 
more and more central and were used to develop and market the so-called second- 
generation antipsychotics, which were supposed to reduce the frequency and sever-
ity of induced Parkinsonism (Simpson and Varga  1974 ). After the marketing of 
clozapine and other second-generation antipsychotics, Parkinsonism gradually 
stopped being a drug safety issue. At the same time, other events were discovered 
that became the key to the benefi t/risk ratio of antipsychotics, such as agranulocyto-
sis, metabolic syndrome and diabetes and cardiovascular events (Newcomer  2005 ). 
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Haematological adverse events and cardiovascular events were neither searched for 
nor reported systematically in clinical trials performed on fi rst-generation antipsy-
chotics. Thus, searching for related information in the original RCTs will certainly 
be time-consuming and will also lead to the retrieval of biased information relating 
to a screening or diagnostic bias between fi rst- and second-generation antipsychot-
ics, relating in turn to differences in procedures for the detection and reporting of 
these events between RCTs evaluating fi rst-generation antipsychotics and RCTs 
evaluating second-generation ones. 

 Randomisation remains the ideal tool to evaluate differences among two or more 
interventions. Nevertheless, a critical eye on randomisation of studies included in a 
safety meta-analysis needs to be maintained, in particular for small-size studies. 
When a large number of subjects are included in the study, we can assume that the 
distribution of risk factors for the event(s) of interest will have made the group com-
parable for any measured or unmeasured characteristics. When the study size is 
small, this is unlikely to be true. Thus, performing a meta-analysis to assess the risk 
of drug-related harm in small trials (e.g. fi rst-generation antipsychotics) together 
with other drugs studied through large studies (e.g. second-generation antipsychot-
ics) could lead to a wrong interpretation of data if this aspect is not correctly taken 
into account. 

 The technique of network meta-analysis (also referred to as multiple treatment 
comparison meta-analysis) has advantages over conventional pairwise meta- 
analysis, as the technique borrows strength from indirect evidence to gain certainty 
about all treatment comparisons. In other words, network meta-analysis allows indi-
rect comparison for the estimation of comparative effects of drugs and yields more 
reliable and defi nitive results than would a pairwise meta-analysis (Mills et al. 
 2013 ). As for conventional meta-analysis, the sample size of the included studies is 
per se crucial, as the chance to fi nd outcome(s) of interest has to be taken into 
account when a meta-analysis is planned. The more rare the event, the more diffi cult 
it will be to fi nd in clinical trials. If the principle of meta-analysis is to aggregate 
data to increase the power of the analysis in order to fi nd any differences, a meta- 
analysis will be useless without a suffi cient number of cases. It will thus have to be 
postponed until the likelihood of identifying a minimal number of events from 
existing RCTs is judged acceptable. This can be assessed before starting the time- 
consuming exercise of systematic review that precedes each meta-analysis. If the 
aim of a meta-analysis is to evaluate the risk of sudden cardiac death associated with 
the use of antipsychotics using data from RCTs, for instance, this likelihood could 
currently be estimated as follows: consider a scenario where 212 RCTs are being 
considered for a meta-analysis where 43,049 patients are treated with 15 different 
antipsychotics or placebo for 6–14 weeks (Leucht et al.  2013 ). Under the conserva-
tive hypothesis that all patients were followed for 14 weeks, this would correspond 
at best to a total follow-up of 11,590 patient-years. The incidence of sudden cardiac 
death in the general population is 1.4 per 1000 person-years (95 % CI 1.3–1.5) (Ray 
et al.  2009 ). Assuming that antipsychotics as a class increase the risk of sudden 
cardiac death by 300 %, no more than 45–50 cases of sudden cardiac death would 
be expected in these RCTs for the 15 antipsychotics considered together. This is 
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clearly insuffi cient to allow the comparison of risk of sudden cardiac death between 
individual antipsychotics using RCT data. 

 One can assume that meta-analysis of RCTs is of limited interest when rare or 
very rare events are studied. Another limitation regarding meta-analysis of RCTs is 
that they highly depend on the quality of the RCTs involved. Reporting bias is an 
aspect of note when meta-analyses aim to evaluate safety of treatments from RCTs, 
as safety is mostly a secondary objective of the RCTs, which is often affected by 
under-reporting. At the international level, there is currently no clear rule for the 
reporting of adverse events in the manuscripts issued from a RCT. This does not 
allow the exclusion of reporting bias, as the quality and exhaustiveness of the listed 
adverse events detailed in the publications mainly depends on the authors’ choices 
or the journal instructions. Sometimes this selectivity in reporting is transparent 
(e.g. adverse event with ≥2 % of frequency), and sometimes it is more complex to 
picture: the reader can fi nd no mention of adverse events (serious or otherwise), 
these is a lack of a clear defi nition of the considered adverse events, it is not possible 
to clearly distinguish between number of events and number of patients with an 
event, groups of events are considered together, etc. For old RCTs, even if a request 
for additional data to authors or drug companies is successful, these data can fre-
quently be impossible to interpret. The obligation to annex to the principal publica-
tion or public report a list of every adverse events which occurred in every included 
patient would easily solve this issue and allow a much more effi cient meta-analysis 
process. Regarding psychotropics, this approach would allow a much more effi cient 
response to patient expectations as well as helping clinicians to make informed 
therapeutic choices (Tiihonen et al.  2006 ).  

3.4.2     Role and Limitations of Meta-analysis 
of Observational Studies 

 Meta-analyses of observational studies are considered to provide “weaker” evi-
dence than those using clinical trial data. The absence of randomisation in the 
source studies has a key role in this relative downgrading of the evidence (Guyatt 
et al.  2011 ). A certain degree of residual confounding remains in all real-life stud-
ies, even if matching or adjustment techniques are used. As a consequence, per-
forming a meta-analysis only using observational studies for frequent events, which 
could be easily retrieved from clinical trial data, is certainly inadequate. Thus, once 
again, the expected frequency of the event has to be taken into account when plan-
ning a systematic review and a meta-analysis. For a frequent event, a larger system-
atic review is preferable in order to include evidence from randomised studies. The 
principal results will come from the randomised studies, while the observational 
data will be an additional data source for a deeper interpretation of the results. 
Confl icting results will be due to residual confounding or different pattern of drug 
use, which are not taken into account in observational studies or not represented in 
clinical trials. 
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 For rarer events, meta-analysis of observational studies is the only source of data 
and has to be considered as the best option to investigate them. As a direct conse-
quence, the quality of the included studies is the most crucial aspect in the interpreta-
tion of the meta-analysis results. The use of the Newcastle-Ottawa scale (Wells et al. 
 2014 ) is recommended by the Cochrane Collaboration to evaluate the quality of non-
randomised studies (Higgins  2011 ). This tool scores each study from zero to nine stars 
for the selection and the comparability of the groups and for the ascertainment of 
either the exposure for case control or outcome of interest for cohort studies. 
Unfortunately, this guidance is too unspecifi c to investigate the methodological issues 
of observational studies with respect to a specifi c event. Its use may produce highly 
arbitrary results (Stang  2010 ), and even studies that have received the maximum score 
with this scale have to be interpreted with caution, in particular where the appropriate-
ness (and consistency) of timeframe between drug exposure and event is questionable 
and where for the article-by-article evaluation of residual confounders is involved. 

 Meta-analysis of observational studies can pool data coming from prospective or 
retrospective study design. Cohort or case-control approaches, the most frequently 
used observational study designs, have some intrinsic differences. In general, cohort 
studies are supposed to provide a higher level of scientifi c evidence than case- 
control studies (Tiihonen et al.  2006 ), and the latter tend to overestimate the strength 
of associations as compared to cohort studies. The infl uence of study design as a 
source of heterogeneity has thus to be carefully investigated. 

 Publication bias is a signifi cant concern for meta-analyses of observational stud-
ies. It is particularly diffi cult to detect and to evaluate in this setting as registries for 
the recording of observational studies are not as used as are those of clinical trials. 
In contrast to clinical trials, observational studies that do not fi nd an increase in the 
risk of an event have more diffi culty in getting published than RCTs which do not 
fi nd an increased risk. This publication bias can be explored using funnel plots when 
at least ten estimates for the same drug are available (Higgins  2011 ). More than 
using statistic tools, the existence of publication bias for meta-analyses using obser-
vational studies could be assessed by following points:

    1.    Number of studies privately funded on a specifi c drug: the more published stud-
ies are sponsored studies, the higher the risk of publication bias is   

   2.    Number of studies which investigated a psychotropic drug class: the more pub-
lished studies investigate a drug class as a whole without a priori hypotheses of 
differences between drugs, the more the results can be considered unbiased   

   3.    Effect size of a meta-analysis: when a large effect size is found from a meta- 
analysis, the chance that new published evidence changes substantially the 
results is remote   

   4.    Consistency of results and pharmacological profi le of the drugs under investiga-
tion: it will be always be more convincing if preclinical data corroborate meta- 
analysis of observational studies (and vice versa)    

  Classically, heterogeneity is another important issue of meta-analyses: it relates 
to signifi cant differences in risk estimates between the studies pooled in the 
 meta- analysis. Heterogeneity in risk for a drug (intra-drug heterogeneity) could be 
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related to its different pattern of use or in terms of dose or indication of use or both. 
Thus, this heterogeneity could be considered as a source of a potential safety signal 
and has to be further analysed, by meta-regressions or by further and more specifi c 
studies (even randomised, if required). Furthermore, heterogeneity among different 
drugs of the same classes (inter-drug heterogeneity) could reveal a different risk 
profi le and merit even more attention than results that are entirely homogeneous. If 
the pharmacological profi le supports the hypothesis of a differential risk, heteroge-
neity could be more important than the pooled risk estimate; thus, it could be the 
principal result of a meta-analysis and drive regulatory decisions on drugs. 

 As reporting bias is an issue in clinical trial settings that could be easily solved 
by single patient data availability, the meta-analysis of observational studies would 
have increased value if raw data could be used. This would allow the harmonisation 
of the event defi nition, adjustment and matching and even allow the construction of 
a network of observational studies starting from the pseudo-randomised patient 
numbers to gain certainty about treatment safety in real life.   

3.5     Conclusion 

 Post-marketing monitoring of psychotropics is an essential and diffi cult activity. 
Powerful tools exist for such ends, all having their advantages and disadvantages. 
Pharmacovigilance can provide clinically meaningful information on the risk associ-
ated with the use of a psychotropic drug, but it is plagued by under-reporting and so 
many biases that it has to be used with extreme caution, even in the modest exercise 
of signal detection. Pharmacoepidemiology safety studies became very powerful 
with the use of large electronic healthcare databases which allow the direct or indi-
rect control of confounding. However, the lack of medical information especially 
regarding the seriousness of symptoms limits their ability to fully exclude proto-
pathic or indication bias. The best remedy for this is to perform such safety studies 
using large cohorts. Finally, the data on drug safety available from RCTs should be 
kept in mind, even if mostly relating to pre-marketing information. While a single 
RCT is insuffi cient to draw robust conclusions on drug safety, the pooling and meta-
analysis of such studies are informative as well as being free from confounding. 
Network meta-analyses are also a powerful tool in the investigation of drug safety, 
although little has been published in this fi eld concerning psychotropics to date.     
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    Chapter 4   
 Contribution of UK Prescription-Based Event 
Monitoring Methods in the Pharmacovigilance 
of Psychotropic Medications                     

       Deborah     Layton    

    Abstract     Psychotropic drugs are widely used in clinical practice. The balance 
between drug safety and effi cacy is affected by many factors including the prescriber, 
the patient, the disease as well as other environmental effects. Physician factors 
include failure to diagnosis conditions because of the complex nature and pattern of 
presenting symptoms. Thus patients may not receive the treatment they need, whether 
that is a particular medication or the appropriate medication at sub-therapeutic doses. 
Patient factors include failure to recognize existence of a condition accompanied by 
denial and reluctance to seek medical attention. In addition, many patients prescribed 
antipsychotic medications do not take their medicines in accordance with instruc-
tions. Such factors, accompanied by large inter- and intra- individual manifestation 
of mental health disease severity contribute to diffi culties in appropriately managing 
such patients, especially long -term. In this chapter, examples of real-life studies 
about some of these challenging issues will be described,  as reported from the post-
marketing event-monitoring systems, now known as Modifi ed Prescription-Event 
Monitoring (M-PEM) and Specialist Cohort Event Monitoring (SCEM).  

  Keywords     Prescription-based event monitoring   •   Psychotropic drugs   •   Observational 
research   •   Drug utilization   •   Methodology     

4.1      Introduction 

 In the past three decades, a host of new psychotropic medicines have been 
 introduced for the treatment of mental health disorders. An examination of trends 
in prescriptions and costs of all classes of psychiatric medication in England 
between 1998 and 2010 reported that prescribing of psychotropics has increased by 
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7 % per year on average (in line with other drugs of other therapeutic classes) from 
8.3 % of all prescription items in 1998 to 8.6 % in 2010. However there were highly 
statistically signifi cant upward trends in prescriptions of all classes of psychiatric 
medications, except for hypnotics and anxiolytics (Ilyas and Moncrieff  2012 ). In 
contrast the corresponding costs of psychiatric medications increased by 5 % per 
year on average (adjusted for infl ation) during the same period, which was statisti-
cally signifi cantly different to the costs of other prescription drugs (which rose by 
3 %). Rising prescription numbers and drug costs do not imply a rising number of 
psychotropic medication users in the UK. However, according to the UK Adult 
Psychiatric Morbidity Survey (APMS) conducted in 2007, the prevalence of at 
least one common mental health disorder in people aged 16–64 is increasing 
(15.5 % 1993, 17.5 % in 2000, 17.6 % 2007) (National Health Service  2009 ). 

 Psychotropic medications have been shown to be effective in the treatment of 
manifestations of mental health conditions, yet a delicate balance exists between 
effi cacy and safety. This balance is affected by many factors including the pre-
scriber, the patient, the disease as well as other environmental effects. Physician 
factors include failure to diagnosis conditions because of the complex nature and 
pattern of presenting symptoms. Thus, patients may not receive the treatment 
required, whether that is a particular medication or the appropriate medication but 
given at subtherapeutic doses. Patient factors include failure to recognise existence 
of a condition accompanied by denial and reluctance to seek medical attention. In 
addition, many patients prescribed antipsychotic medications do not take their med-
icines in accordance with instructions. Such factors, accompanied by large inter- 
and intra-individual manifestation of mental health disease severity, contribute to 
diffi culties in appropriately managing such patients, especially long term. In this 
chapter, examples of real-life studies about some of these challenging issues will be 
described, as reported from the post-marketing event-monitoring systems, now 
known as Modifi ed Prescription-Event Monitoring (M-PEM) (Layton and Shakir 
 2014 ) and Specialist Cohort Event Monitoring (SCEM) (Layton and Shakir  2015 ).  

4.2     Event Monitoring: Fulfi lling a Need for Observational 
Research 

 The limitations of randomised controlled trials (RCTs) in terms of statistical power 
to detect rare but serious adverse events and exclusion of high-risk populations which 
can impact on generalisability of results to real-world clinical practice are well 
known (Singh and Loke  2012 ). Observational studies can help examine natural vari-
ation in disease and treatment effects. Issues that are fundamental in making pre-
scribing decisions include understanding the risk of potential adverse events in 
different types of patients that are treated with psychoactive medications, particularly 
those where there is limited information available from premarketing development 
programmes. The reason for this relates partly to the process by which a medicinal 
product is approved and partly to design. The initial marketing authorisation (MA) 
for a product may be applied for by a pharmaceutical company on the basis of a 
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particular clinical indication, which may be in a narrowly defi ned population. Clinical 
trials may have been conducted in a relatively healthy patient population to obtain 
suffi cient information on effi cacy and safety in that population to satisfy a regulatory 
authority’s requirements. The patient population selected may exclude those groups 
that are diffi cult to recruit for whom issues of ethics and consent arise, such as chil-
dren, the elderly, patients with comprehension and learning diffi culties or those who 
are acutely ill. In terms of study design, clinical trials are experiments where the 
circumstances of treatment (such as setting, treatment regimens, duration and inten-
siveness of monitoring) are often controlled by the study investigator. 

 For the last fi ve decades, since the thalidomide disaster (Lenz et al.  1962 ), there 
has been recognition for the need for post-marketing observational research to iden-
tify safety issues associated with the use of a new drug in all populations likely to 
receive it in routine clinical practice (Finney  1965 ). This is because the populations 
likely to be studied are a more heterogeneous population than those observed in 
clinical trials. The importance of observational studies has increased dramatically 
since the revised EU Pharmacovigilance Legislation came into force, July 2012 
(European Commission  2012 ). Accordingly every new medicinal product must 
have comprehensive Risk Management Plan (RMP) in place as part of its approval 
and to retain its approved status (European Medicines Agency  2014 ). M-PEM, pre-
viously known as PEM, is a national surveillance system whose origins stem from 
the recognition that spontaneous reporting systems may fail to identify all safety 
hazards post-marketing. M-PEM is an enhanced application of PEM that offers a 
targeted safety surveillance system that can be readily adapted to meet the specifi c 
needs of a RMP and systematically collect information on large cohorts about 
patient baseline characteristics in relation to prespecifi ed risks and can quantify the 
incidence and prevalence of risks of adverse events after treatment initiation (Layton 
and Shakir  2014 ). SCEM is a recent adaptation of the technique, which focuses on 
surveillance in secondary care setting (Layton and Shakir  2015 ). This application 
was developed in the recognition that safety studies conducted exclusively in the 
primary care setting may be at risk of biased conclusions about the prevalence of the 
types of patients prescribed new medications and also the frequency of adverse 
events, because of the potential exclusion of patients who are managed predomi-
nantly within the secondary care setting. These patients, who may be initiated under 
the care of a specialist health care professional, may have different characteristics 
and health experiences to those treated by physicians in the primary care setting for 
similar indications. Since the adoption of a new medicine into clinical practice in 
the UK is often initially facilitated by hospital specialists, there is a need for data 
capture across both the primary and secondary care setting, to ensure all relevant 
exposed populations are characterised and monitored. SCEM enables cohorts of 
patients prescribed a new medicine in the secondary care setting to be monitored. 

 Both M-PEM and SCEM collect additional information that can inform on 
patient and physician behaviours and also highlight ‘off-label’ prescribing which 
refers to the use of a drug  in situations where a medicinal product is intentionally 
used for a medicinal purpose not in accordance with the authorised product infor-
mation  (European Medicines Agency  2012 ). Both M-PEM and SCEM are recog-
nised as tools to conduct real-world post-authorisation safety studies (PASS) to 
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gather additional safety monitoring information or assess patterns of drug utilisation 
(European Medicines Agency  2013 ). Each study is conducted in accordance with 
national and international guidelines (British Medical Association Board of Science 
and British Medical Association Science and Education  2006 ; Council for 
International Organizations of Medical Sciences and World Health Organisation 
 2002 ; General Medical Council  2009a ,  b ). 

 The general methodology uses a retrospective non-interventional observational 
cohort design to provide active surveillance of targeted medicines on a national scale 
in England. Specifi c details of the study methodologies have been provided else-
where (Layton and Shakir  2011 ). In brief, for M-PEM, primary care dispensed pre-
scription data sources, and medical record-based data sources are used to provide 
data for eligible patients (Table  4.1 ). For all studies, exposure (index/exit) data are 
derived from dispensed prescriptions issued by general practitioners (GPs) immedi-
ately after market launch until suffi cient numbers have been identifi ed (per protocol 
often several thousands). In contrast, for SCEM, networks of specialists are estab-
lished (facilitated by the UK National Institute of Health Research (NIHR) Clinical 
Research Network (CRN)) (Department of Health  2014 ) and patients are identifi ed 
by these practitioners subsequently. For all approaches, outcome data (indication, 
events and reasons for stopping) that have been recorded in the patient’s medical 
records may be derived from questionnaires sent to each physician at some pre-
defi ned period after the date of each patient’s fi rst prescription, but at a minimum of 
3 months to allow information to be shared between patient and prescriber. This 
duration of follow-up is often driven by the expected pattern of risk for events identi-
fi ed within the study primary objectives. However, for general surveillance in 
M-PEM, the desire is to capture at least 6 months observation. There are no specifi c 
exclusion criteria. Specifi c to M-PEM and SCEM, more detailed information on 
posology, identifi ed and potential risks, selected risk factors-prior medical history/
concomitant medicines and selected prescriber or patient behaviours may be 
collected.

   For each approach, events of interest (e.g. identifi ed risks, such as suicide events) 
may be followed up for purposes of further evaluation. For each patient, trained cod-
ing staff prepared a computerised, longitudinal, chronological record of demo-
graphic, exposure and outcome data (including additional follow-up). Quantitative 
and qualitative data analyses are conducted. Quantitative analyses include descrip-
tive statistics to summarise patient and prescriber (where provided) characteristics 
such that drug utilisation and compliance with recommended prescribing regimens 
may be described. Calculations of event risk and rates (incidence densities for a fi xed 
period (t) – ID t - usually expressed in units of fi rst event reports per 1000 patient-
months) can give estimates of real-world frequency. Calculation ID differences 
between periods of observation are effective methods by which disproportionality in 
risk or ID may be observed, suggestive of signals of treatment effects. Inter-cohort 
IDs and ID difference estimates may be calculated, as well as intra- cohort estimates 
for special populations of interest. Other complementary analyses include describ-
ing frequency of events given as reasons for stopping and also application of survival 
methods to provide further detail on pattern and time to onset of an event after start-
ing treatment with a study drug. Qualitative analyses are undertaken for exploration 
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of signals or events of interest. Through medical evaluation, individual or clusters of 
event reports are examined and important attributes identifi ed. Examples of these 
approaches will be presented in the remainder of this chapter.  

4.3     Completed Studies 

 A wide range of drugs used to manage mental health conditions have been studied 
using standard and modifi ed approaches. These include agents to manage depres-
sive disorders, anxiety disorders, attention defi cit hyperactivity disorder (ADHD), 
schizophrenia and dementia (Table  4.2 ). Treatments used to manage conditions 

   Table 4.1    Characteristics of standard Prescription-Event Monitoring (PEM), Modifi ed PEM 
(M-PEM) and Specialist Cohort Event Monitoring (SCEM) studies   

 Study 
Characteristics  PEM  M-PEM  SCEM 

 Setting  Primary care  Secondary care 

 Prescribers  General Practitioner  Specialist 
 Design  Non-interventional observational cohort 
 Data Source  Secondary use of data from existing medical records 
 Ethics  Waiver under Section 251 of NHS Act 2006  Yes 
 Sample size  10,000+  Bespoke to targeted events 
 Period of 
Observation 

 6–12 months  3–12+ months  ≤3 months 

 Questionnaire  Standard (single A5) across 
all studies 

 Bespoke design (multiple A4), by study 

 Drug Utilization  All populations  Targeted sub-populations considered at risk 
 Surveillance  General surveillance  General and targeted events (identifi ed, 

potential and missing risks) a  
 Risk factors  Event (case) specifi c on 

follow-up 
 For targeted identifi ed and potential risks 
for all patients 

 Analysis  Crude and age/sex adjusted 
measures of occurrence and 
association 

 Multiple covariate adjusted measures of 
occurrence and association; survival 
methods for signal generation; intra- and 
inter- cohort comparisons possible 

 PASS RMP  No  Yes 
 ENCEPP 
registration 

 No  Yes 

 Prescriber 
remuneration 

 No  Yes 

   Grey  highlights indicate common aspects of the method 
  ENCEPP  European Network of Centres of Excellence in Pharmacoepidemiology and 
Pharmacovigilance,  NHS  National Health Service,  PASS  Post-authorisation safety study,  RMP  
Risk Management Plan. A4: page dimension 210 by 297 mm; A5: page dimension 148 by 210 mm 
  a Identifi ed risks (known from clinical trials), potential risks (effects not observed in trials but 
expected e.g. class effects) and missing risks (identifi ed and potential effects that may occur in 
populations not studied)  
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associated with addictive behaviours such as smoking habit, obesity and chronic 
non-cancer pain are also presented for purposes of demonstrating particular meth-
odological considerations. All these medicines were all intended for wide-spread, 
long-term use in primary care. Other medications have also been studied (Layton 
and Shakir  2011 ), but these are not the focus of this chapter and so will not be 
described further.

   The sample sizes of standard, M-PEM and SCEM studies of psychotropics 
are remarkably different. The median cohort size of the 19 standard PEM studies 
of psychotropic medicines presented is 11735 (IQR 9847, 12713), whilst that of 
the 7 M-PEM studies is 5079 (IQR 1324,11072). One SCEM study has been 
completed to date ( N  = 869). The explanation is related to the difference in prin-
ciple study objective: standard PEM studies were intended for general surveil-
lance with a target sample size of at least 10,000 patients to allow for the 
detection of rare events  occurring with a frequency of at least 1 in 2000 patients 
(assuming the background rate is zero) with 85 % power (Machin et al.  1997a , 
 b ). The lower sample size for M-PEM and SCEM refl ects a bespoke study spe-
cifi c need, which generally requires fewer numbers than the general surveillance 
studies.  

4.4     Exploring Drug Utilisation Factors Within 
Pharmacovigilance 

 Drug utilisation research is an essential part of pharmacoepidemiology, as it 
describes the extent, nature and determinants of drug exposure at the patient level. 
Collectively standard, M-PEM and SCEM approaches permit the examination of 
the characteristics of prescriber and new drug user populations and contribute to the 
accumulation of safety data, particularly with regard to vulnerable populations for 
whom off-label prescribing has occurred. 

 There are several ways in which this may occur: by prescribing a dose in excess 
of that specifi ed by the MA, prescribing for an unlicenced indication, prescribing 
for a special group outside of the MA specifi cation and altering the dosage form. 
Off-label prescribing is permitted in circumstances where a physician concludes 
that for medical reasons, treatment with the product is necessary to meet the specifi c 
needs of the patient (General Medical Council  2015 ). 

 Situations leading to a warning or precaution use include conditions to be ful-
fi lled before or during use, special populations at increased risk, risks associated 
with starting or stopping the product and possible medication errors. These situa-
tions represent vulnerable populations that require more careful management in 
order to avoid harm. They also represent areas of potential risk for pharmacovigi-
lance because the populations being exposed have not been studied, or there is lim-
ited information. 
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4.4.1     Off-Label Use 

 As an example, the summary demographic information on the study populations 
identifi ed for the four antipsychotic studies conducted using standard methods is 
presented in Table  4.3  (Mackay et al.  1999 ). It is notable that all drugs listed fi rst 
gained MA for the treatment of schizophrenia. This is consistent with the narrowly 
defi ned patient population studied premarketing. Also notable in Table  4.3  is the 
frequency of apparent ‘off-label’ prescribing. In terms of indication, quetiapine IR 
was the antipsychotic for which the proportion of use was highest (47.4 %) fol-
lowed by risperidone (44.9 %) for indications other than within the MA at launch. 
The observation that quetiapine IR appeared to have the highest frequency is not 
unexpected, given it was the last of the four drugs listed to be marketed. 
Nevertheless, off-label prescribing in terms of indication was very common. This 
observation is supported by similar fi ndings elsewhere (Hodgson and Belgamwar 
 2006 ).

   None of these products studied were indicated for the use in children <15 years. 
However, the frequency of prescribing appeared to be consistently of the order of 
1 %. The literature suggests that in the UK, antipsychotics are prescribed generally 
for aggressive behaviour in this population (Doerry and Kent  2003 ). Indeed the 
study for risperidone reported that of the 98 children aged <15 years, 49 (50 %) had 
been prescribed risperidone for hyperactivity. For all the antipsychotics studied, the 
use in the elderly was considered a special warning for use, and the proportions of 
each cohort aged >65 years was consistently between 10 % and 20 %. Whilst this in 
itself does not constitute off-label prescribing, the frequency of use in elderly 
patients for the treatment of behavioural and psychological manifestations of 
dementia is. In the majority of these studies, such prescribing was common (>1 % 
of population studied) although the frequency was the highest for quetiapine  ( 4 %). 
Further discussion on the contribution of use and safety antipsychotics in patients 
with dementia is given later in this chapter. 

 One of the limitations of standard PEM methodology was that information on 
baseline characteristics, such as prior medical history, concurrent morbidities, as 
well as treatment patterns was limited. M-PEM retains all the strengths of the origi-
nal method, with the same underlying process, but also tried to overcome these 
limitations through bespoke targeted surveillance, enhanced data collection and 
application of new analytical methods. This permits more detailed exploration of 
the heterogeneity of the new user population, as well as appropriate or inappropri-
ate use. 

 There are a number of examples in the published literature where off-label pre-
scribing has been reported within M-PEM studies conducted on psychotropic medi-
cines. Davies et al. reported on the prescribing of modafi nil (Provigil™),which was 
marketed in the UK in 1998 to promote wakefulness in the treatment of narcolepsy 
(Davies et al.  2013 ). Its licence was extended in 2004 to include chronic pathologi-
cal conditions. Following a review of the safety of modafi nil (European Medicines 
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Agency  2011 ), risk minimisation measures were introduced. These included updates 
to the SPC to refl ect nature of adverse reactions, additions to types of patients with 
conditions contraindicated for use and restriction of indication to patients with shift 
work sleep disorder, narcolepsy and obstructive sleep apnoea/hypopnoea syndrome. 
The M-PEM study looked specifi cally at use post the 2004 extension in 1096 
patients prescribed modafi nil in primary care. Study results reported that the preva-
lence of use in multiple sclerosis was very common ( n  = 372, 33.9 %) and use in 
children aged 16 years or under was uncommon ( n  = 9, 0.8 %) – both regarded as 
off-label (Davies et al.  2013 ).  

4.4.2     Contraindications and Special Warnings and Precautions 
for Use 

 M-PEM studies were recently conducted to support a regulatory requirement to 
examine the use in general medical practice in England of two novel formulations 
of an opioid analgesic. Fentanyl citrate buccal tablets (Effentora™; Cephalon), 
were approved in the EU on April 2008 for the management of breakthrough pain 
in patients with cancer who are already receiving and who are tolerant to opioid 
therapy for their underlying persistent cancer pain. Effentora™ was launched in the 
UK in January 2009 (Cephalon  2010 ). Fentanyl pectin nasal spray (PecFent™; 
Archimedes Development Ltd.), licenced for the same indication, gained marketing 
approval in the EU in August 2010 and was launched in the UK in October 2010 
(Archimedes Pharma UK Ltd.  2012 ). An objective of both studies study was to 
examine the frequency of inappropriate use, i.e. use without long-term opioid ther-
apy and off-label use. Prescribing indicators were developed based on the SPC 
Sects.  4.3  and  4.4 . The results from both studies regarding the number of reports of 
contraindications are summarised in Table  4.4 . The majority of patients within 
either Effentora™ or PecFent™ cohorts had no contraindications for use ( n  = 482, 
87.5 % vs  n  = 56, 88.9 %). However, the remainder were contraindicated because 
they were reported to be opioid naïve or not receiving maintenance opioids and had 
pre-existing COPD or respiratory depression. The prevalence was similar for both 
products ( n  = 69, 12.5 % vs  n  = 7, 11.1 %) albeit the study cohort size was small for 
PecFent™.

   These two studies also demonstrate that vulnerable sub-groups within the pri-
mary care setting can also be identifi ed; the number of reports of patients requiring 
special warnings for use are also summarised in Table  4.4 . These include elderly, 
those with particular conditions and or those receiving treatments that place them at 
risk for important identifi ed adverse events. In the studies of the two fentanyl prod-
ucts, nearly half of the Effentora™ or PecFent™ cohorts could be considered vul-
nerable ( n  = 285, 51.7 % vs  n  = 34, 54.0 %).  
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4.4.3      Prescriber Characteristics 

 Alternatively, SCEM studies permit the characterisation not only of vulnerable 
patients within secondary care setting but the prescribing physicians. The 
Observational Assessment of Safety in Seroquel (OASIS) study was also conducted 
to support part of the PV requirements to extend the post-authorisation safety 
knowledge of quetiapine extended release (Seroquel XL™), with particular empha-
sis on short-term (within 12 weeks of starting) safety during titration and at higher 
doses (European Network of Centres of Excellence for Pharmacoepidemiology and 
Pharmacovigilance  2014a ). An internal comparator cohort of patients prescribed 

    Table 4.4    Characteristics of Effentora™ or PecFent™ M-PEM cohorts   

 Characteristic  n  (% cohort)  Effentora™ ( N  = 551)  PecFent™( N  = 63) 

 Age at start of treatment (years): median (IQR)  62 (50–72)  62 (49–73) 
 Sex: 
 Male  248 (45.1)  22 (34.9) 
 Female  302 (54.6)  41 (65.1) 
  Not specifi ed    1   – 
 Indication: 
 Break through pain  341 (61.9)  41 (65.1) 
 Break through pain and other  2 (0.4)  2 (3.2) 
 Other indications  133 (24.1)  16 (25.4) 
  Not specifi ed    75  ( 13.6 )   4  ( 6.3 ) 
 Contraindications: 
 Opioid naïve/non-tolerant  31 (5.6)  3 (4.8) 
 Age <18 years  1 (0.2)  0 (0) 
 COPD  35 (6.4)  3 (4.8) 
 Respiratory depression  7 (1.3)  1 (1.6) 
 Respiratory failure  3 (0.5)  0 (0) 
 Obliterative bronchiolitis  1 (0.2)  0 (0) 
 Breastfeeding  0 (0)  0 (0) 
 MAOI use <15 days of starting (or concomitant)  1 (0.2)  0 (0) 
 Indicators of special warning/precautions for use: 
 65+ years  235 (42.6)  28 (44.4) 
 CKD stage >=3  43 (7.8)  7 (11.1) 
 Liver disease (moderate/severe)  33 (6.0)  2 (3.2) 
 Hypovolaemia  3 (0.5)  0 (0) 
 Hypotension  4 (0.7)  2 (3.2) 
 Bradyarrhythmia  0 (0)  0 (0) 
 Increased ICP  4 (0.7)  0 (0) 
 Pregnancy  0 (0)  0 (0) 
 Concomitant CYP3A4 moderate/strong inhibitors  13 (2.4)  1 (1.6) 

   CKD  Chronic kidney disease,  CYP  Cytochrome P450,  COPD  Chronic obstructive pulmonary dis-
ease,  ICP  Intracranial pressure,  IQR  Interquartile range,  MAOI  Monoamine oxidase inhibitor  
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quetiapine immediate release (IR) was collected concurrently. Seroquel XL™ was 
launched in the UK in 2008 (AstraZeneca UK Limited  2014 ). 

 From over 50 trusts throughout England over 3 years from December 2009 to 
December 2012, a total of 407 psychiatrists identifi ed 948 patients who consented. Of 
these 948, 869 (91.6 %) with a clinical diagnosis of schizophrenia or bipolar mania, 
newly initiated on quetiapine XL or IR were eligible for inclusion and had evaluable 
data for analysis. The distribution of participating psychiatrists’ trusts and consented 
patients is provided in Fig.  4.1 . The pattern and spread refl ected density of mental 
health care service utilisation in England, with the densest areas around London, 
Birmingham and North West of England. The majority of psychiatrists were male 
[68.9 % (275/399)] and had been qualifi ed for 10 years or more [94.6 % (336/355)]. 
The most frequent area of psychiatrist specialisation, where reported, was general 
psychiatry [65.4 % (193/295)]. The most frequently reported  prescribing setting was 
in the community ( n  = 83, 20.4 %) or within community mental health teams ( n  = 80, 
19.7 %). Investigators were asked to provide the supporting reasons for prescribing 
quetiapine for the primary diagnosis indicated. Reasons (other than indication) for 
prescribing were also collected. Although multiple reasons for prescribing could be 
reported, the most frequently provided reason for prescribing in all indications and for 
the whole cohort was ‘prescriber clinical decision’ [90.2 % (767/850)].

   Such information is important to understand the drivers of adoption of a new 
medicine within the UK NHS. The process by which patients are referred, treated 
and monitored affects the availability and accessibility of relevant information to 
support safety surveillance for PV purposes. Within the UK, mental health service 
provision crosses many boundaries in terms of clinical settings and the type of 
healthcare professionals providing services. Only the most severely ill patients (prev-
alence estimated to be (<10 %)) (Health and Social Care Information Centre  2013 ) 

Key:
% patients aged

18+ years accessing
Specialist Mental

health services
3.2–3.4

3.0–3.1

2.8–2.9

2.5–2.7

2.3–2.4

GOR boundaries

Patients

Psychiatrists

  Fig. 4.1    Site of OASIS 
psychiatrist and patient 
recruitment within UK 
Government Offi ce regions 
( GOR ) which defi ne 
percentage of adults 
accessing specialist mental 
health services (Figure 
adapted from Patterns of 
Specialist Mental Health 
Service usage in England, 
2010 (Offi ce for National 
Statistics  2010 ))       

 

4 Contribution of UK Prescription-Based Event Monitoring Methods



58

will be admitted to hospital as an in-patient. Reports from psychiatrists participating 
in OASIS indicated that seeking informed consent from such acutely ill patients was 
not possible at the time of quetiapine initiation. Therefore, systematic surveillance of 
this high-risk population may not be possible, and the responsibility for routine PV 
activities remains with the responsible physician. In prescribing newly licenced 
drugs, hospital specialist prescribers can be classifi ed as adopters of innovation. 
Generally, early adopters have been classifi ed as opinion leaders who greatly infl u-
ence the prescribing habits of others (Rogers  2004 ). However, they are also described 
as risk takers. As such, there have been assertions that early adopters may prescribe 
irrationally (Inman and Pearce  1993 ). This may be true for some, but further study is 
needed to investigate relationships between prescriber and patient characteristics.  

4.4.4      Reasons for Treatment Discontinuation 

 Quantifying and exploring reasons for stopping treatment are regarded as one of the 
complementary and unique signal generation processes in standard, M-PEM and 
SCEM. Specifi c data are requested in all of these studies regarding clinical or non- 
clinical events that lead to treatment withdrawal. Clinical events inform on possible 
issues associated with short- or long-term tolerability, whilst non-clinical event may 
highlight patient adherence issues and external infl uences on persistence, such as 
media reports of adverse effects. Early treatment discontinuation of psychotropic 
medication will have a negative effect on a medications benefi t risk profi le, particu-
larly if discontinued before the positive effects of the psychotropic treatment can be 
established. Two examples are described below. 

 Rimonabant (Acomplia™, Sanofi -Aventis) is a centrally acting medication fi rst 
marketed in UK in June 2006. It was licenced as an adjunct to diet and exercise for 
the treatment of obese patients (BMI ≥30 kg/m 2 ) or overweight patients (BMI >27 kg/
m 2 ) with associated risk factors such as type 2 diabetes mellitus or dyslipidaemia. In 
October 2008, the MA was suspended because of psychiatric safety concerns 
(European Medicines Agency  2008 ). One of the objectives of the M-PEM study was 
to explore utilisation and duration of treatment (Buggy et al.  2011 ). A supplementary 
analysis (Willemen et al.  2012 ) examined these data according to four categories: (1) 
discontinuation due to any clinical event (with a focus on psychiatric events); (2) 
discontinuation due to lack of effectiveness; (3) discontinuation due to target weight 
loss achieved (as a proxy for effectiveness); (4) other events reported as reasons for 
stopping; and (5) stopped but no reason specifi ed. The study results reported that 
7204 (72.0 %) of patients stopped treatment, of which 50 % stopped within 1 year 
(323 (IQR 279, 371)). Where specifi ed ( n  = 5763, 80.0 % patients who stopped), at 
least one clinical event was given as the reason for stopping for 1896 patients (32.9 %). 
Of these 1896 patients, the most frequent reason was depression ( n  = 284 cases, 
15.0 %). The most frequent non-medical reason for stopping was due to lack of effec-
tiveness was reported for 2480 (3.0 % where reason specifi ed) patients, whilst stop-
ping due to achieving target weight loss was reported for only 215 (3.7 %) patients. 
Factors that were associated with stopping (all reasons) included female gender, prior 
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history of antiobesity drug use and prior history of psychiatric illness. Those with a 
prior history of psychiatric disease had a higher rate of stopping because of psychiat-
ric events (hazard ratio 1.8 (95 % CI 1.5, 2.09)) than those with no history. 

 A second example looks at reasons for and time to antipsychotic treatment discon-
tinuation. As for treatment of obesity, there are also specifi c determinants that affect 
choice and maintenance of antipsychotic agents. Accordingly, such issues can be 
explored using M-PEM data. In addition to the OASIS SCEM study with quetiapine 
described earlier, an M-PEM study was conducted to further understand safety of que-
tiapine extended release (Seroquel XL™) during titration and use at higher doses as 
prescribed in primary care (Gilchrist et al.  2011 ). Of 13,276 patients, 3753 (28.4 %) 
were reported to have stopped treatment within 12 months of  starting. Ten percent of 
patients were no longer on treatment by day 56 and 25 % by day 220. In total 4844 
events were given as reasons for stopping were specifi ed for 3086 patients (82.2 % who 
stopped within 12 months of starting). Of 1750 clinical (medical) reasons for stopping, 
the most frequent was sedation (269, 15.4 %), whilst of the other 3094 non-medical 
reasons given for stopping, the most frequent was drug ineffective (581, 18.8 %). 

 In both the Acomplia™ and Seroquel XL™ M-PEM studies, high proportions of 
patients stopped treatment within 12 months of starting, and reasons for stopping 
were varied. Certain patient characteristics were also associated with a higher risk 
of stopping. M-PEM can provide provides information on frequency of medication 
discontinuation, reasons thereof and patients who may require more intense moni-
toring. Accordingly, these data can help support physicians decisions on prescribing 
and management to prevent premature treatment cessation.   

4.5     Describing the Safety of Psychotropic Medicines 

 Psychotropicmedicines are a heterogeneous group of chemically unrelated 
 compounds which share a broad range of pharmacological effects, principally as a 
result of broad receptor-blocking properties. These effects can involve every system 
of the body, although many are non-serious. Drugs which possess anticholinergic 
activity are associated adverse effects such as dry mouth, constipation, visual distur-
bances and urine hesitancy, whilst the use of drugs that affect noradrenaline activity 
can, for example, cause sexual dysfunction and postural hypotension. Interference 
with the dopaminergic activity can lead to endocrinological adverse effects such as 
hyperprolactinaemia, conditions associated with hyperglycaemia, weight gain and 
extrapyramidal symptoms. As described earlier, non-serious adverse effects play an 
important role in persistence with medication. Other more serious adverse effects 
include seizures, blood dyscrasias, neuroleptic malignant syndrome and enhanced 
propensity for suicidal acts. Such serious effects have played an important role in 
the restriction, suspension or ultimately withdrawal of some psychotropic medi-
cines. Some examples of key fi ndings from the PEM and M-PEM studies of psycho-
tropic medicines are provided below. 

 In each of these examples, as described previously, the investigations are possi-
ble because the methodology (standard, M-PEM or SCEM) permits a more detailed 
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examination of particular risks. The underlying architecture of each study is that of 
survival data – therefore treatment effect over time can be explored. Furthermore, 
data are collected in an identical manner, and, for the majority of studies, cohorts of 
new user subjects are identifi ed at the same stage of a drug’s lifecycle in the imme-
diate post-marketing period. By excluding prevalent users, bias introduced by (1) 
under-ascertainment of events early in therapy and (2) inability to control for dis-
ease risk factors before treatment started is minimised (Ray  2003 ). As such, inter- 
cohort comparisons of risk and rate can be undertaken. Where no suitable comparator 
may be found, intra-cohort comparisons are  g enerally used. The limitations of PEM 
and M-PEM should however be acknowledged. These include: loss of statistical 
power where observed fi nal sample size is different to that expected because of 
dependency on level of prescribing of a study drug by GPs in England, missing data 
arising from incomplete questionnaires or non-response and assumptions about data 
for signal detection purposes. These limitations are described in further detail else-
where (Layton and Shakir  2014 ). 

4.5.1     General Surveillance 

 National Institute of Clinical Excellence (NICE) guidelines for the prescribing of 
antidepressants in adults advocate that choice be determined, taking into account 
anticipated adverse events and concomitant medication for physical health prob-
lems (National Institute of Clinical Excellence  2009 ). Tricyclic antidepressants are 
one of the oldest classes of antidepressants and are still used extensively. However, 
these are now used second line in favour of newer  antidepressants associated with a 
low propensity for anticholinergic effects. 

 As shown in Table  4.2 , ten products used in the treatment of depression have 
been studied using either the standard or M-PEM approach. A study was conducted 
to compare the general tolerability and safety profi le of six antidepressants (fl uox-
etine, sertraline, paroxetine, moclobemide, venlafaxine and nefazodone), as reported 
within the PEM study conducted for each (Mackay et al.  1999 ). A minimum of 
6 months observation was collected. Analysis included calculation of incidence 
densities in (ID – per 1000 patient-months) all events, ID ratios for events of spe-
cifi c interest (adjusted by age, sex and indication) and odds ratios for deaths 
(adjusted by age, sex and indication). The most frequently reported event consistent 
across all drugs in the fi rst month was nausea and vomiting [range 26.3 (fl uoxetine) 
to 71.9 (venlafaxine)], followed by malaise [range 9.9 (moclobemide) to 25.0 
(nefazodone)]. The results of the comparisons for selected events are presented in 
Fig.  4.2 . Compared to fl uoxetine (as reference group), the variability of event rates 
of agitation/anxiety, drowsiness/sedation and hypertension across the different 
drugs examined is evident. There were no signifi cant differences in odds of death 
between drugs after adjustment. A limitation of this particular study was that the 
products were marketed sequentially between 1989 and 1996; therefore changes in 
clinical practice are possible. Nevertheless, this study demonstrates the contribution 
of the methodology as a whole to inform on event profi les between drugs.
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4.5.2        Antipsychotics and Stroke 

 Initial concerns about an increased risk of cerebrovascular (CVA) adverse effects 
such as stroke and transient ischemic attack initially focused on risperidone in 2002 
and olanzapine in 2004 (Committee on Safety of Medicine  2004 ). In particular, the 
number of fatalities in RCTs of elderly patients prescribed these drugs for dementia 
and also in patients with no pre-existing cardiovascular problems was of concern 
(Dear Healthcare Professional  2004 ). Prescribing restrictions were added to the 
labels in the EU, US and Canada. In 2005 the European PV Working Party assessed 
additional evidence from three observational studies and concluded that the risk of 
CVA adverse events was possibly a class effect (European Medicines Agency  2005 ). 

 In support of this review in 2005, the DSRU conducted a retrospective analysis 
to examine and compare the incidence rates of CVA and/or transient ischaemic 
attack (TIA) as reported in the PEM studies conducted on risperidone, olanzapine 

  Fig. 4.2    Relative risks for selected events observed in users of non-tricyclic antidepressants (ser-
traline, paroxetine, nefazodone, venlafaxine and moclobemide) compared to fl uoxetine as refer-
ence in fi rst 6 months of treatment, adjusted for age, sex and indication. Adjusted incidence density 
ratios (+95 % CI) are presented for the events of agitation/anxiety, drowsiness/sedation and hyper-
tension. Adjusted odds ratios (+95 % CI) are presented for the event of death (all-cause)       

 

4 Contribution of UK Prescription-Based Event Monitoring Methods



62

and quetiapine (Layton et al.  2005 ). Crude rate ratios (RR) and RR adjusted for age, 
gender and indication (dementia vs other) were calculated using Poisson regression 
modelling and time to event was modelled using survival methods. For comparative 
purposes, the reference cohort was olanzapine. Person-time was calculated between 
date of fi rst dispensed prescription and date of fi rst event or, for non-cases, censored 
at end of 180 days or date of loss to follow-up, which ever occurred sooner. 

 When risperidone was compared to olanzapine, the age and sex-adjusted RR was 
non-signifi cant [RR1.2 (95 % CI 0.4, 3.0);  n  = 23 (0.3 %) vs  n  = 10 (0.11 %)]. 
Similarly, the RR was non-signifi cant for the comparison between quetiapine and 
olanzapine [RR 2.1 (95 % CI 0.6, 7.7);  n  = 6 (0.35 %) vs  n  = 10 (0.11 %)]. Likewise, 
when risperidone was compared to quetiapine, the adjusted RR was not signifi -
cantly different. When data were stratifi ed by indication, there were no cases of 
CVA/TIA in the olanzapine cohort treated for indication, so this could not be exam-
ined. The age and sex-adjusted RR was non-signifi cantly different [2.1 (95 % CI 
0.5, 10.1)] between those prescribed risperidone for dementia and those prescribed 
quetiapine for dementia. Of the three drugs, the time to onset was shortest for ris-
peridone and the subgroup with dementia. The intra-cohort analysis which com-
pared indication groups identifi ed a sixfold difference in rate of CVA/TIA in patients 
with dementia compared to those treated for other indications. This retrospective 
comparison did not reveal any difference in rates between the three antipsychotics 
but did support the observations that dementia is an important risk factor. 

 Irrespective of treatment, dementia is associated with a two- to fourfold increased 
risk of mortality compared to those without such diagnosis (Xie et al.  2008 ). Yet, 
despite additional regulatory activity since 2005, and the introduction of best 
 practice guidelines for rational and safe use of antipsychotics in people with 
 dementia, there remain concerns that antipsychotic medications are being overpre-
scribed as fi rst line choice of pharmacological management of BPSD. In the UK, 
estimates from the published literature range from 5 % to 15 %, despite limited 
clinical effectiveness (IMS Health  2009 ; Child et al.  2012 ). In the UK, NICE recom-
mends that antipsychotics can be used in elderly patients, but under strict guidelines 
(Oxford Health NHS Foundation Trust  2013 ). Risperidone is recommended as the 
antipsychotic of fi rst choice, plus a low dose, with slow dose titration is advocated.  

4.5.3     Cardiovascular Safety 

 Sibutramine is a serotonin-noradrenaline re-uptake inhibitor, indicated for the treat-
ment of obesity. It was licenced in the UK in May 2001. A safety signal regarding 
adverse cardiovascular effects was reported shortly after marketing and a review con-
ducted by the European Medicines Agency in 1999 and 2002 in light of these con-
cerns. At that time, CHMP concluded that the benefi ts of sibutramine for the 
management of obsess and overweight patients outweighed its risks (European 
Medicine Agency  2002 ). However the MAH was asked to start a study of use of 
sibutramine in patients with cardiovascular risk factors – the Sibutramine 
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Cardiovascular Outcome Trial (SCOUT) study. This study started in 2002; its aim 
was to determine the impact of weight loss with sibutramine on cardiovascular prob-
lems in a large group of overweight and obese patients at high risk for cardiovascular 
disease. 

 During that period, a PEM study of sibutramine was undertaken between October 
2001 and June 2002 (Perrio et al.  2007 ). This study provided information on the 
‘real-world’ use of sibutramine in general practice, irrespective of co-morbidities and 
concomitant use of other medicines. As the prescribing recommendations already 
had contraindications and precaution for use in patients with cardiovascular risk fac-
tors, prescribers were asked to provide additional information specifi cally regarding 
prior medical history of diabetes mellitus, hypertension or ischaemic heart disease, 
plus prior use of other antiobesity drugs. Patient characteristics, events and reasons 
for stopping were examined according to the prescribing guidelines. The full details 
of this analysis are published elsewhere. In summary, the PEM cohort comprised 
12,336 patients. In terms of cardiovascular risk factors, the prevalence of pre-existing 
IHD was 1.9 % ( n  = 238), this being a contraindication for use. Three cardiovascular 
events were considered signals associated with starting treatment (cardiovascular 
tests, faintness and palpitations). Within 3 months of starting treatment, 5157 patients 
(41.8 % of total cohort) had stopped taking sibutramine. Of 5280 reasons specifi ed 
for 4554 patients (88.3 % who stopped within 3 months), the events of hypertension 
and raised blood pressure were commonly reported as reasons for stopping ( n  = 203 
(3.8 % of reasons) and  n  = 179 (3.4 % of reasons), respectively), whilst palpitation, 
disorders of heart rate, chest pain and raised pulse were uncommon. Causality assess-
ment of reports of arrhythmia, cerebrovascular events, angina and myocardial infarc-
tion identifi ed 14 events assessed as possibly ( n  = 13) or probably ( n  = 1) related to 
sibutramine: ‘arrhythmia’ ( n  = 3), ‘fi brillation atrial’ ( n  = 4), angina ( n  = 4) syncope 
( n  = 2) and myocardial infarction ( n  = 1). Although there is limited information on 
other risk factors for cardiovascular safety, this study gave an indication of how par-
ticular safety aspects highlighted within prescribing recommendations, including the 
identifi cation of vulnerable populations at risk can be investigated. 

 Notably in January 2010, the European Agency’s Committee for Medicinal 
Products for Human (CHMP) recommended suspension of the marketing authorisa-
tion of medicinal products containing sibutramine, following a safety review of 
interim data from the SCOUT study which indicated that sibutramine is associated 
with more cardiovascular problems than placebo (European Medicines Agency 
 2010 ; Maggioni  2009 ).  

4.5.4     Sudden Unexpected Deaths 

 PEM study data has also been used to investigate cardiovascular concerns including 
sudden unexpected deaths for an atypical antipsychotic sertindole (Serdolect ™)  
(Wilton et al.  2001 ). This product was voluntarily suspended in the EU in 1998, fol-
lowing regulatory concerns over reports of serious cardiac dysrhythmias and sudden 

4 Contribution of UK Prescription-Based Event Monitoring Methods



64

unexpected deaths. The reported causes of death, their frequency, prolongation of 
the rate corrected QT interval (QTc) and cardiac dysrhythmias in patients within the 
sertindole PEM cohort were compared with PEM data obtained those for patients 
treated with two other atypical antipsychotics (olanzapine and risperidone) (Wilton 
et al.  2001 ). Age and gender Standardise Mortality Ratios (SMRs) (+95 % CI) were 
calculated using the indirect method (dos Santos Silva  1999 ). There was no statisti-
cally signifi cant difference in all-cause mortality rates between sertindole and the 
comparator cohort according to the SMR (0.87 95 % CI; 0.35, 1.80) based on  n  = 7 
vs 397 deaths. Similarly, there was no statistically signifi cant difference in CV mor-
tality (SMR 0.73 (0.009, 2.63)) based on  n  = 2 vs  n  = 133 CV deaths, though confi -
dence intervals were wide due to small numbers in the sertindole cohort. Six cases 
of prolongation of QTc interval were identifi ed in 462 patients (1.3 %, 95 % CI; 
0.5 %, 2.8 %) treated with sertindole and one with unspecifi ed electrocardiogram 
changes in the comparator cohort of 16,542 patients. Although no statistically sig-
nifi cant difference was shown in mortality rates between sertindole and comparator 
cohort, the sertindole cohort was too small to rule out an association between the 
use of this drug and cardiovascular deaths. 

 This example shows how calculations of SMRs area an alternative method for 
inter-cohort comparisons when an external comparator cannot be identifi ed. In this 
example, because the mortality rate in schizophrenic patients was known to be dif-
ferent to that of the general population (Brown  1997 ), national mortality fi gures 
were not considered appropriate for comparison purposes. Therefore, data from the 
cohorts of two PEM studies of other atypical antipsychotic drugs were considered 
most appropriate to calculate the ‘expected’ mortality rates because the same meth-
odology had been used for all three studies.   

4.6     Methodological Developments in Design to Enhance 
Evaluation of Safety Concerns 

4.6.1     Treating Dose Flexibly 

 When initiating pharmacological treatments for mental health conditions, prescrib-
ing guideline recommend individualisation of the dosing regimen. This in turn 
introduces added complexity in exploring associations between dose and an event 
because dose may be rapidly changing over time. Traditional approaches to model-
ling such associations need to extend beyond simple categorical measures based on 
arbitrary values at a fi xed time point (such as start dose) and assumptions of homo-
geneity within each stratum (Greenland  1995 ). In studies of psychotropic medi-
cines, particularly antipsychotics, nonlinear dose patterns should be anticipated 
with appropriate analytical methods to describe such patterns of change. As 
described earlier, targeted questions within M-PEM and SCEM design permit infor-
mation on dose to be collected at multiple intervals during the observation period 
for each individual patient. In treatments where sub- or supra-optimal dose regimes 
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may signifi cantly affect the benefi t: risk ratio, knowledge of possible changes risk 
of clinical or adherence outcomes due to variation in dynamics of dose over time are 
extremely important. 

 Such methods to analyses repeated dose measurement over time in M-PEM and 
SCEM studies are being explored. One of the objectives of the OASIS SCEM study 
was to examine posology and titration patterns over the 12-week observation period 
(European Network of Centres of Excellence for Pharmacoepidemiology and 
Pharmacovigilance  2014a ). The relationship of dose with time,  by formulation , was 
explored by such methods; however the results have not yet been published. This 
type of analysis can be used to model general trend at group level and permits sim-
ple univariate explorations of associations between dose, predictors and outcomes 
in defi ned periods for signal detection purposes. 

 In addition to the challenge of modelling changes of dose over time, there is a 
need to be able to better account for multiple combinations of treatment or where 
multiple indications exist, particularly as seen in psychiatric medicine. In the UK, 
the Ready Reckoner is a tool used in clinical practice to monitor antipsychotic doses 
in high-risk patients with complex dosing regimens. It was developed by the UK 
Prescribing Observatory for Mental Health (POMH-UK), based within the Centre 
for Quality Improvement at the Royal College of Psychiatrists (Prescribing 
Observatory for Mental Health  2015 ). The principal is that at any stage of treatment, 
the total daily dose of each individual antipsychotic is converted to a percentage of 
the maximum dose for the indication being treated. Where the total sum of percent 
exceeds 100 %, then the patient is identifi ed as a high-risk patient that requires more 
intensive monitoring (Royal College of Psychiatrists  2006 ). The potential advan-
tages of modelling dose using this alternative metric include automatic adjustment 
by indication and loss of power due to creation of multiple strata of small sample 
size. The limitations include possible underestimating where dose data are missing, 
or concomitant medications are not reported. This Ready Reckoner is currently 
being applied to model antipsychotic treatment effects using M-PEM data.  

4.6.2     Modelling Patterns of Events 

 In this chapter, examples have been provided of signals generated through quantita-
tive means, such as calculation of crude incidence rates and risks. It is acknowl-
edged in signal detection that the artifi cial segregation of time periods may not be 
appropriate for all events with respect to their most relevant time periods of excess 
(Guess  2006 ). More recently survival methods have been used to support signal 
detection and strengthening in M-PEM to more appropriately model the hazard 
function with the aim of detecting adverse drug reactions (Cornelius et al.  2012 ). 
Both non-parametric and parametric regression modelling of time to event data are 
considered to be useful adjuncts to signal detection methods and been used to 
explore safety signals with M-PEM and SCEM studies. A key difference between 
the two modelling approaches is that parametric methods allow more fl exibility 
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when the associated hazard is not (expected to be) constant with respect to time. The 
construction of the M-PEM cohort is suitable for modelling time to event because 
the time origin is unambiguously defi ned (prescription start date), there is a metric 
for measuring time (person-time exposed), and failures are defi ned according to 
events. Since study data are collected over a fi nite period of time, such that not all 
‘time to event’ may be observed for all patients, the study data are right censored. 
This means that the distribution of time to event cannot be described usual summary 
statistics because such sample parameters may no longer be unbiased estimators of 
the population parameter. 

 One example was the evaluation of the association between neuropsychiatric 
symptoms (including depression, suicidal thoughts and behaviour) and use of var-
enicline (Champix ™ ) – indicated for the treatment of smoking cessation in adults 
(≥18 years of age) (Buggy et al.  2013 ). This study was conducted as part of the 
M-PEM study in response to the regulatory warnings issued in 2008 (Medicines and 
Healthcare products Regulatory Agency  2008 ). It was known that patients with a 
prior history of psychiatric disorders or users of psychotropic medicines were 
excluded from premarketing clinical trials. Therefore, the possibility existed that 
prior history of psychiatric disease could have had a profound effect on risk of neu-
ropsychiatric events after starting treatment. For fi ve events (depression, anxiety, 
aggression, suicidal ideation and nonfatal self-harm), analysis included using a the 
semi-parametric method to provide a smoothed estimate of the empirical hazard 
function and the parametric Weibull model to test for non-constant hazard using the 
shape parameter estimate in the fi rst 3 months after starting treatment (Cornelius 
et al.  2012 ). Events reported on prescription start date were excluded, as they were 
considered pre-existing. The shapes of the smoothed hazards for depression and 
anxiety were suggestive of a non-constant hazard over time, but this was not 
observed for aggression, suicidal ideation and nonfatal self-harm. The correspond-
ing predicted hazard function shape parameter estimated using the Weibull l  model 
suggested that the hazard of anxiety increased over time ( p  = 0.009), whilst there 
was no evidence of change for the other four events. In this particular example, the 
parametric model was crude, and the purpose was simply to detect whether hazards 
for prespecifi ed events were non-constant or not, and not to model hazards accu-
rately. Further exploration of the feasibility of integrating age and sex-adjusted 
parametric regression models as an additional tool for general surveillance purposes 
to support the identifi cation of multiple safety signals within M-PEM studies is cur-
rently underway (Layton and Kimber  2014 ).  

4.6.3     Assessing Suicidality 

 Assessing causal relationships between a drug and a suicidal event is complicated 
by the high background rate of such events in the treated populations and the high 
prevalence of known risk factors for Suicidal Behaviour (SB). Furthermore, a lack 
of well- defi ned terminology in clinical practice and failure to correctly identify sui-
cidal behaviour and ideation has negative implications on appropriate management 
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of suicidality by health care professionals as well as decreasing reliability in com-
parisons of rates of such events across studies as a result of misclassifi cation. Tools 
to support identifi cation in PASS are vital to help quantify incidence in at-risk 
groups. The FDA has endorsed standard suicide terms and the application of the 
Columbia- Classifi cation Algorithm for Suicide Assessment (C-CASA) approach to 
identify and categorise suicidal events in clinical trials (Posner et al.  2007 ), but its 
application in PASS has been limited. The C-CASA instrument includes nine codes 
within three categories (suicidal events, indeterminate or potentially suicidal events 
and non-suicidal events) that assist in classifying and distinguishing those events 
representing suicidal intent from to those without. These domains have been 
expanded and incorporated into a new instrument used to prospectively assess 
Suicidal Ideation (SI) and SB in clinical trials, the Columbia Suicide Severity Rating 
Scale (C-SSRS) with fi ve subtypes (Posner et al.  2011 ). Although the C-CASA and 
C-SSRS criteria were both developed for the use in a different population in clinical 
trials, the instruments were considered relevant to the exploratory objective of four 
PASS studies for two antipsychotics [Seroquel XL ™  and asenapine (Sycrest™) 
(European Network of Centres of Excellence for Pharmacoepidemiology and 
Pharmacovigilance  2013 ,  2014b )] since reports of suicidal events were anticipated. 
Since there is uncertainty in predicting which patients are at risk, data are being col-
lected on risk factors possibly associated with an increased risk of suicidality. 
Potential suicide events are being classifi ed according to C-CASA expanded 
C-SSRS domains by DSRU clinicians. As of January 2015, the studies for asenap-
ine are ongoing, whilst the Seroquel XL™ studies are complete, but data are not yet 
published. 

 Such systematic assessment of suicidal events using C-CASA/C-SSRS domains 
can help support post-marketing benefi t: risk evaluation of treatment choices in cat-
egories of patients according to risk of suicide when starting treatment with psycho-
tropic medicines.  

4.6.4     Indicators of Drug-Seeking Aberrant Behaviour 

 Problematic prescription drug use includes misuse (‘non-medical use’) and addic-
tion as well as unsanctioned diversion to third parties and is refl ected by or associ-
ated with drug-seeking aberrant behaviours. However, important research gaps 
include missing information on the incidence of such events and the patients likely 
to be at high risk of dependency. Such data are needed in order to support the effec-
tiveness of risk minimisation strategies for psychoactive medications aimed at miti-
gating problematic use, particularly in patients for whom long-term treatment may 
be necessary. The feasibility of estimating the prevalence of risk factors for depen-
dence and aberrant behaviours inpatients prescribed psychotropic products with 
misuse potential was fi rst explored in the M-PEM post-study for Effentora ™  in 
response to a regulatory requirement (Osborne et al.  2014 ). A number of criteria and 
instruments used in clinical practice in various setting were examined. Surrogate 
markers of indicators of aberrant behaviour suggestive of addiction were proposed 
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based on the Chabal criteria (Chabal et al.  1997 ) that refl ected behavioural rather 
than clinical manifestations (Table  4.5 ).

   In addition, information on known risk factors strongly associated with sub-
stance dependence was collected on prior history of: psychiatric disorders, sub-
stance misuse, alcohol misuse and smoking. Information was also requested on 
clinical diagnosis of opioid withdrawal syndrome within 14 days of starting treat-
ment since its manifestation would suggest pre-existing dependence. Simple (non- 
weighted) risk scores were constructed on aggregate counts of the indicators of 
dependence and aberrant behaviours (score >3 suggested a patient to be at high 
risk). In the Effentora ™  M-PEM study, the prevalence of at least one pre-existing 
risk factor for dependence was 26 % ( n  = 145), whilst the frequency of aberrant 
behaviours observed during treatment was 8 % ( n  = 46). Patients with aberrant 
behaviours appeared to have different characteristics to those who did not. 

 Such reports do not confi rm misuse but are potential signals of such. Since the 
systematic collection of physician reports of aberrant behaviours has shown to be 
feasible, these criteria have also been applied to the study of other psychotropic 
medicines using M-PEM and SCEM.   

4.7     Final Remarks 

 This chapter describes the usefulness of standard, M-PEM and SCEM methodology 
in revealing insight into important characteristics of users of psychotropic medicines, 
including vulnerable populations, and prescribing patterns as well as providing further 
information on important safety issues. Through examples, a demonstration has been 
presented on how the methodology of the prescription- based event-monitoring sur-
veillance system and pharmacovigilance as a whole has evolved and still is evolving.     
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    Chapter 5   
 The Role of Healthcare Databases 
in Pharmacovigilance of Psychotropic Drugs                     

       Gianluca     Trifi rò      and     Janet     Sultana    

    Abstract     Recent years have seen a rapidly growing number of healthcare data-
bases that have been used worldwide for post-marketing assessment of use and 
safety of medicines including psychotropic drugs, as the result of the conversion of 
healthcare data storage systems from paper-based to electronic formats. Currently 
used databases include general practitioners’ electronic medical records as well as 
administrative/claims healthcare databases which are, respectively, used for regis-
tering clinically relevant information of patients during routine care and for docu-
mentation of healthcare services provided to citizens for reimbursement reasons. In 
both cases data are collected irrespective of any research purpose. Nevertheless, 
secondary use of these data sources allowed the evaluation of prescribing pattern of 
and safety outcomes associated with a number of medicines widely used in psychia-
try routine care such as antidepressants, antipsychotics (especially when used in 
older people with dementia), benzodiazepines, cholinesterase inhibitors, and others. 
In these databases, the collection of many clinical details for large populations and 
long follow-up period offers the opportunity to investigate even rare adverse events 
potentially associated to psychotropic drugs. On the other hand, observational data-
base studies have inherent limitations including confounding by indication, proto-
pathic bias, outcome, and exposure misclassifi cation which need to be taken into 
account and addressed in the study design and analysis. In this chapter, examples of 
observational studies investigating the use and safety of drugs commonly used in 
psychiatry and limitations and solutions adopted in these studies are provided and 
discussed.  
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5.1         Introduction 

 Recent years have seen a rapidly growing number of observational studies that 
explored emerging safety issues associated with psychotropic drugs through the use 
of electronic healthcare databases. The increase in the utilization of healthcare data-
bases worldwide is due to the conversion of healthcare data storage systems from 
paper-based to electronic formats as well to improved skills in automatic patient- 
level data extraction and elaboration. Administrative healthcare data such as data 
registered for health insurance purposes that may have been underused in the past is 
now often collected with great attention and subjected to scrutiny in the form of 
audits. 

 The type of information recorded in a healthcare database depends on the reason 
for which the database was set up. For example, data recorded in general practice 
databases during daily routine care is more likely to contain details of medical his-
tory, including information that is not associated with the use of healthcare resources, 
such as lifestyle information (e.g., cigarette smoking, alcohol use, medical diagno-
ses that do not require pharmacotherapy, medical procedures or hospitalization, 
etc.). In contrast, this type of data is unlikely to be registered in health insurance/
claims databases, which are instead more likely to have accurately registered codes 
related to healthcare resource utilization (e.g., emergency department visit, hospital 
discharge diagnoses, outpatient diagnostic tests), as this is required for billing pur-
poses. Using a (generally anonymized) unique patient identifi er, several claims 
databases can be linked together and even general practice databases can be linked 
to claims databases as well as disease registries and surveys capturing information 
of the same catchment area while not violating any country-specifi c data privacy 
issues, thus enormously enlarging the potential of these sources for pharmacoepide-
miology research.  

5.2     Healthcare Databases 

5.2.1     General Practice Databases 

 General practice (GP) databases have been extensively used in pharmacoepidemio-
logical research. Examples of GP and other databases commonly used for pharma-
coepidemiology studies are found in Table  5.1 . GP databases are composed of 
electronic patient data (i.e., electronic medical records) registered during routine 
care; the purpose of such records is primarily related to healthcare (e.g., recording 
of patient medical and drug history for healthcare practitioner’s perusal). In general, 
GP databases contain an extensive amount of information such as medical diagno-
sis, drug prescription data, and laboratory data. Data on smoking and socioeco-
nomic status and obesity are not systematically recorded, even though in several 
countries educational interventions have been promoted to increase GP awareness 
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about benefi ts related to the registration of information on lifestyle of patients 
affected by specifi c chronic diseases (e.g., body mass index and cigarette smoking 
in patients with chronic obstructive pulmonary disease or history of myocardial 
infarction). GP databases used in pharmacoepidemiology research are often nation-
wide and representative of the geographical area where they are based and, although 
they are expensive to be initially set up, they are often cost-effective when used for 
research purposes. This is especially true for retrospective studies where the 
expenses related to data collection are signifi cantly curtailed.

   Electronic medical records from general practitioners are a relatively recent 
development, mainly due to the increasing computerization of health records in 
general practice, which is gradually replacing paper medical charts. These data-
bases have several advantages, the most apparent of which is their large size: popu-
lations sampled from those databases can be in the order of millions, as with CPRD 
and THIN. This advantage is of particular importance in drug safety studies where 
the incidence of adverse drug effects or drug use (or both) can be very low. Patient 
data (e.g., on diagnosis, drug prescription, etc.) are generally recorded through 
structured and coded information. Nevertheless, the additional availability of 
unstructured free-text clinical notes, as in the Dutch GP database “IPCI,” holds 
potential for manually validating and better characterizing clinical outcomes.  

5.2.2     Administrative/Claims Databases 

 Data in claims/administrative databases are recorded when a patient uses healthcare 
resources that are provided free of charge to citizens as they are reimbursed by 
National Health Service (NHS) or when a commercial (e.g., Kaiser Permanente in 
various North American states) or national social insurance provider (e.g., Medicare 
in the USA) must be billed for the resources provided. The use and availability of 
these databases depend on the healthcare system used in each country. The avail-
ability of commercial insurance databases is more prominent in countries where 
healthcare is not provided publicly free of charge and persons must be insured/
registered with a health plan to access healthcare resources. Administrative data-
bases generally include pharmacy dispensing and hospital discharge diagnoses 
which can be linked through patient unique identifi er to several other administrative 
databases (e.g., emergency department visits, outpatient diagnostic test, etc.). 
Pharmacy claims contain data collected when a patient is dispensed a drug from a 
pharmacy and its cost is covered by insurance/NHS. The advantage of this data 
source as opposed to prescription data from a GP database is that, while the latter 
records only the prescription of a drug, the former can at least ensure that prescribed 
drug has been dispensed. Neither of the database types can however ensure that a 
drug is ultimately taken, thus potentially leading to exposure misclassifi cation in 
case of drug therapies with low adherence. Likewise pharmacy databases, hospital 
discharge diagnosis databases are built for claims/administrative purposes: health-
care resources related to the management of hospitalized medical event and eventu-
ally medical procedures undergone during hospital admission are recorded in order 
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to allow reimbursement by the insurance provider or National Healthcare Service. 
However, because the billing depends on the type of information that is registered 
as primary and secondary causes of hospital admission as well as hospital proce-
dures, it is possible that diagnoses in administrative and claims data are recorded 
less accurately/rigorously than for medical record databases not used for billing 
purposes. An example of a hospital claims/administrative database is the Pediatric 
Health Information System (PHIS), which contains administrative data for over six 
million patients from 44 children’s hospitals in the USA.   

5.3     Observational Studies Concerning Psychotropic Drugs 
Using Healthcare Databases 

 Observational drug-related studies in psychiatry conducted using healthcare data-
bases can be divided into two major types: drug utilization (e.g., exploring changes in 
prevalence and incidence of drug use over time and across different settings, adher-
ence or persistence to drug use and drug switching patterns, etc.) and drug safety 
studies (risk of adverse outcomes associated with the use of a specifi c drug). Drug 
utilization studies are descriptive studies that can be conducted by analyzing an expo-
sure of interest in the underlying general population or selected cohort of patients 
identifi ed from a database. In the context of pharmacovigilance activities using 
healthcare databases, it is possible to evaluate the implementation and impact of pub-
lic health interventions such as drug safety warnings issued by drug agencies and 
other risk minimization measures (RMMs) rapidly and cost-effectively. This kind of 
investigation is aimed at exploring any change, if at all, in the drug prescribing pattern 
occurred as a result of a drug-related public health intervention (i.e., implementation 
of RMMs) and measuring if the risk of an adverse outcome associated to specifi c drug 
treatment was actually minimized after the implementation of the RMM in routine 
care (Fig.  5.1 ). This assessment is essential to ensure that the RMMs led to the 
achievement of expected results in terms of drug-related risk prevention/dilution.

Persons exposed to drug over time

Public health intervention
(e.g. drug safety warning)

Indirect assessment of intervention impact:Drug utilization studies

Direct assessment of intervention impact: Drug safety studies

  Fig. 5.1    The role of healthcare databases in the assessment of public health interventions       
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   Drug safety studies can be conducted using analytical methods that can estimate 
the risk of an outcome following exposure to a drug. Nowadays, the assessment of 
specifi c associations of drugs and adverse events is mostly carried out using well- 
established study designs such as propensity score-matched new user cohorts or 
case-control designs, nested in a cohort of new users of the drugs under study. More 
recently, advance statistical techniques have been applied to data from healthcare 
databases also for post-marketing assessment and comparison of benefi ts of psycho-
tropic drugs in the context of comparative effectiveness research. 

5.3.1     Drug Utilization Studies 

 Healthcare databases have been widely used to analyze the prescribing pattern of 
psychotropic drugs in clinical practice, mainly antidepressants, antipsychotics, and 
benzodiazepines. Drug utilization studies have been carried out in the general popu-
lation as well as in “special” subsets of population such as elderly or pediatric 
patients and pregnant women. Data on the prevalence/incidence of drug treatment, 
adherence, and persistence to drug therapy provides an indication of quality of care. 

 An example of how the drug prevalence proves useful can be seen in antidepres-
sant utilization studies, which are commonly carried out at regional (Poluzzi et al. 
 2013 ; Parabiaghi et al.  2011 ), national (Sultana et al.  2014b ; Chollet et al.  2013 ; 
Lam et al.  2013 ), or multinational (Abbing-Karahagopian et al.  2014 ) level. Such 
studies can give an indication of appropriate drug prescribing by confi rming whether 
fi rst-line agents are indeed most commonly used and if the drugs are used in agree-
ment with international treatment guidelines and Summary of Products 
Characteristics. If the electronic data source also has the indication of use included 
in the prescription data, researchers can further investigate whether drug prescribing 
is prescribed appropriately or off-label. Another example of the usefulness of preva-
lence and incidence data concerns the assessment of the distribution of prescription 
of generic or branded drugs for drugs that are off- patent. Several clinical guidelines 
suggest that generic antidepressants, selective serotonin reuptake inhibitors in par-
ticular, should be prescribed as fi rst-line agents to reduce the use of healthcare 
resources and promote sustainability of national healthcare systems. An example of 
a basic evaluation of prescribing appropriateness would be to compare the preva-
lence of generic and brand antidepressant drug use using pharmacy data (Ubeda 
et al.  2007 ). Such investigations have been put to use by national drug observatories 
to fi nd out the extent of generic antidepressant penetration. A more complex inves-
tigation of generic antidepressant drug use might involve a comparison of selected 
outcomes that refl ect drug safety such as mortality and other health resource con-
sumption (hospitalizations, specialist examinations, other drugs) between generic 
and brand antidepressant users (Colombo et al.  2013 ). 

 Information on adherence/persistence complements prevalence data. A detailed 
analysis of antidepressant use consistently shows that adherence levels are usually 
low (Hansen et al.  2004 ). In fact, most of the drug utilization database studies on 
antidepressants found that these drugs are frequently withdrawn as early as 3 months 
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after the therapy starts in a large proportion of depressed patients even though 
guidelines suggest at least 1 year treatment (Poluzzi et al.  2013 ; Parabiaghi et al. 
 2011 ; Sultana et al.  2014b ; Chollet et al.  2013 ). Analysis of persistence to drug 
treatment can be useful as it may indirectly imply tolerability or lack of effi cacy: in 
the absence of economic reasons, a drug which is switched more often than others 
may be less effective and/or less tolerable than other drugs. For example, a US-based 
study using claims data found that patients prescribed with escitalopram were more 
likely to persist with their antidepressant treatment and less likely to switch to other 
antidepressants, compared to other SSRI users (Esposito et al.  2009 ). 

 Another class of drugs that has been the subject of many drug utilization studies 
is that of antipsychotics. This is particularly important given the diverse pharmaco-
logical and safety profi le of antipsychotic drugs as well as their several indications 
of use apart from schizophrenia and mania, which currently include motor tics, nau-
sea, and vomiting in palliative care and intractable hiccups for haloperidol and per-
sistent aggression in pediatric conduct disorders and persistent aggression in 
Alzheimer’s disease for risperidone. Drug utilization studies highlighted the increas-
ing use of second-generation or atypical antipsychotics in the general population, 
particularly in elderly persons (Trifi rò et al.  2005 ,  2010a ). Studies investigating anti-
psychotic adherence were also pivotal, suggesting that nonadherence is a signifi cant 
problem in schizophrenia and is associated with negative outcomes such as hospital-
ization (Tiihonen et al.  2006 ; Ascher-Svanum et al.  2006 ; Gilmer et al.  2004 ). Some 
examples of psychotropic drug utilization database studies are reported in Table  5.2 .

5.3.2        Evaluation the Impact of Drug-Related Risk 
Minimization Measures in Psychiatry 

 Understanding prescriber behavior is important particularly from a public health 
perspective. Knowledge of drug safety is constantly expanding and clinical guide-
lines are continuously evolving in response to this. Sometimes rapid changes in 
prescriber behavior are critical, as when prescribers are expected to respond 
promptly to drug safety warnings. For example, studies of prescriber behavior are 
necessary to see whether citalopram-related drug safety warnings on the risk of 
cardiac arrhythmia resulted in a change of citalopram prescribing among persons at 
higher risk of such adverse effects. Similarly, healthcare databases have also been 
used to investigate changes in prescribing pattern after the antipsychotic-related 
safety warnings in older people with dementia. In short, Health Canada, the 
European Medicines Agency, the Food and Drug Administration, and other national 
drug agencies issued several warnings from 2002 onward on the risk of adverse 
events such as all-cause mortality and stroke when antipsychotics are used mostly 
off-label in elderly persons with dementia, highlighting their unfavorable risk- 
benefi t ratio. A summary of studies investigating changes in antipsychotic prescrib-
ing pattern among elderly dementia patients is shown in Table  5.3 . Such investigations 
can be said to be indirect evaluations of drug-related public health interventions, 
because the primary aim of such interventions is not the reduction of drug 
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   Table 5.2    Examples of psychotropic drug utilization studies carried out using healthcare databases   

 Author 
(year)  Setting  Population  Exposure  Outcomes 

 Marston 
et al. ( 2014 ) 

 THIN 
database 

 General 
population 

 APs  APs prescribing rate in 
primary care 

 Petersen 
et al. ( 2014 ) 

 THIN 
database 

 Pregnant 
women 

 APs  Discontinuation of APs in 
pregnancy 

 Wijlaars 
et al. ( 2012 ) 

 THIN 
database 

 Children 
and 
adolescents 

 ADs  Trends in depression and 
antidepressant prescribing 
in children and 
adolescents 

 Man et al. 
( 2012 ) 

 THIN 
database 

 Pregnant 
women 

 AED  Prevalence of AED use in 
pregnancy 

 Hayes et al. 
( 2011 ) 

 THIN 
database 

 General 
population 

 Psychotropic drugs 
used in bipolar 
disorder 

 Prescribing trends of 
drugs used in bipolar 
disorder 

 Prah et al. 
( 2011 ) 

 THIN 
database 

 General 
population 

 APs  Prescribing trends of APs 
for schizophrenia 

 Petersen 
et al. ( 2011 ) 

 THIN 
database 

 Pregnant 
women 

 ADs  AD discontinuation 

 Aguglia 
et al. ( 2012 ) 

 HSD  General 
population 

 SSRI and SNRI  SSRI/SNRI prescribing 
pattern 

 Parabiaghi 
et al. ( 2011 ) 

 HSD  Elderly 
population 

 ADs  AD utilization among 
elderly in Lombardy 

 Trifi rò et al. 
( 2010a ) 

 HSD  Elderly 
persons 
with 
dementia 

 APs  AP prescribing pattern 

 Savica et al. 
( 2007 ) 

 HSD  General 
population 

 AEDs  AED prescribing pattern 

 Trifi rò et al. 
( 2005 ) 

 HSD  General 
population 

 AP  AP prescribing pattern 

 Koopman 
et al. ( 2010 ) 

 IPCI  General 
population 

 Drugs used to treat 
neuropathic pain 

 Pharmacological 
treatment of neuropathic 
facial pain 

 Kraut et al. 
( 2013 ) 

 GePaRD  Pediatric 
population 

 Methylphenidate  Comorbidities in ADHD 
children treated with 
methylphenidate 

 Lindemann 
et al. ( 2012 ) 

 GePaRD  Children 
and 
adolescents 

 ADHD drugs  Age-specifi c prevalence, 
incidence of new 
diagnoses, and drug 
treatment of attention- 
defi cit/hyperactivity 
disorder 

 Jacobsen 
et al. ( 2014 ) 

 Aarhus 
University 
Prescription 
Database 

 Pediatric 
population 

 AEDs  Prenatal exposure to 
antiepileptic drugs 
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prescribing per se but a reduction in the drug-related risk as a consequence of a 
more cautious use of the drug (Fig.  5.1 ). Healthcare databases can also be used to 
carry out a direct evaluation of a safety warning impact by measuring the occur-
rence of a known adverse drug reaction before and after a warning.

   More recently, healthcare databases have been increasingly used to carry out 
postauthorization safety studies (PASS) also concerning psychotropic drugs. A 
PASS is a scientifi c investigation of the safety profi le of a drug that has already been 
marketed with the aim of identifying and describing the safety profi le of that drug, 
as indicated in the risk management plan (RMP) supporting the premarketing docu-
mentation. In this case, healthcare databases can be used to estimate the frequency 
of known ADRs within a given exposed population or to identify predictors of drug- 
related risks, thus identifying categories of patients at high risk of developing ADRs; 
on the other hand, it is unlikely for healthcare databases to have a major role in de 
novo signal detection (hypothesis generation) in the immediate future, despite the 
several international initiatives that have been carried out to better explore this issue 
in the last years (Trifi rò et al.  2014a ). A PASS can also be carried out with the aim 
of measuring whether any risk minimization measures implemented as part of a 
RMP were effective or otherwise. Among other things, RMPs also cover planning 
for how drug-related risks can be prevented or minimized as well as plans for stud-
ies aimed at increasing awareness on drug safety; healthcare databases have a piv-
otal role in both these aspects.  

5.3.3     Drug Safety Studies 

 The safety profi le of therapeutic drugs including psychotropic drugs is initially 
investigated in randomized clinical trials (RCTs) in the premarketing phase. 
However, drug safety data from RCTs is fraught with limitations such as small and 

Table 5.2 (continued)

 Author 
(year)  Setting  Population  Exposure  Outcomes 

 Laugesen 
et al. ( 2013 ) 

 Aarhus 
University 
Prescription 
Database 

 Female 
general 
population 

 SSRIs  Use of SSRIs and lifestyle 
among women of 
childbearing age 

 Hsia et al. 
( 2010 ) 

 PEDIANET, 
IPCI, and IMS 
disease 
analyzer 

 Pediatric 
population 

 AEDs  AED prescribing among 
children 

   AD  antidepressant,  ADHD  attention-defi cit/hyperactivity disorder,  AED  antiepileptic drug,  AP  
antipsychotic,  GeParD  German Pharmacoepidemiological Research Database,  HSD  Health Search 
Database,  IPCI  Integrated Primary Care Information database,  SNRI  serotonin-norepinephrine 
reuptake inhibitors,  SSRI  selective serotonin reuptake inhibitor,  THIN  The Health Improvement 
Network  
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   Table 5.3    Overview of database studies evaluating the impact of antipsychotic drug safety 
warnings on the pattern of use of these drugs in routine care   

 Author 
(year)  Setting  Population  Exposure  Outcomes 

 Gallini 
et al. 
( 2014 ) 

 EGB database 
(France) 

 Elderly 
patients 
with and 
without 
dementia 

 All APs, APs by 
class and 
olanzapine and 
risperidone 
individually 

 Monthly prevalence of 
AP use 

 Schulze 
et al. 
( 2013 ) 

 GEK database 
(Germany) 

 Elderly 
dementia 
patients 

 All APs and APs 
by class 

 Yearly prevalence of AP 
use, number of AP 
packages, and DDD per 
person per year 

 Guthrie 
et al. 
( 2013 ) 

 PCCIU database 
(Scotland) 

 Elderly 
dementia 
patients 

 All APs and 
risperidone, 
olanzapine, 
quetiapine 
individually 

 Quarterly prevalence of 
oral AP prescribing, 
initiation, and 
discontinuation; 
prescription of 
hypnotics, anxiolytics, or 
antidepressants 

 Franchi 
et al. 
( 2012 ) 

 Lombardy Region 
Drug 
Administrative 
Database (Italy) 

 Elderly 
dementia 
patients 
treated with 
AChEIs 

 All APs, APs by 
class and 
olanzapine, 
quetiapine, 
haloperidol, 
clotiapine, and 
risperidone 
individually 

 Number of AP 
prescriptions per person 
and gap between AP 
prescriptions; yearly 
prevalence of AP use, 
probability of continuing 
antipsychotic treatment 

 Dorsey 
et al. 
( 2010 ) 

 IMS Health’s 
National Disease 
and Therapeutic 
Index (USA) 

 Elderly 
dementia 
patients 

 All APs and APs 
by class 

 Monthly prevalence of 
AP use, monthly change 
in AP drug use, and 
annual growth rate of AP 
use 

 Sanfélix- 
Gimeno 
et al. 
( 2009 ) 

 Valencia Health 
Agency pharmacy 
claims database 
(Spain) 

 Elderly 
patients and 
younger 
adults 

 Risperidone and 
olanzapine use 
(stratifi ed by 
strength) 

 Monthly prevalence of 
AP use 

 Valiyeva 
et al. 
( 2008 ) 

 Ontario Drug 
Benefi t database 
(Canada) 

 Elderly 
dementia 
patients 

 All APs, APs by 
class and 
olanzapine, 
quetiapine, and 
risperidone 
individually 

 Monthly prevalence of 
AP use; change in the 
number of patients 
prescribed an AP and 
ratio of change of 
prescription rate after the 
safety warnings 

   AChEI  acetylcholinesterase inhibitor,  AIFA Agenzia Italiana del Farmaco  (Italian Drug Agency), 
 AP  antipsychotic,  EGB Échantillon Généraliste de Bénéfi ciaires ,  EMA  European Medicines 
Agency,  DDD  defi ned daily dose,  FDA  Food and Drug Administration,  GEK Gmünder Ersatzkasse , 
a German nationwide health insurance company database,  HSD-CSD LPD  Health Search 
Database – Cegedim Strategic Data, Longitudinal Patient Database,  MHRA  Medicines and 
Healthcare Products Regulatory Agency,  PCCIU  Primary Care Clinical Informatics Unit  
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highly selective study populations as well as limited duration of the observation 
period which preclude the possibility of identifying potentially severe adverse drug 
reactions with long-term onset or which are more likely to occur when used in 
patients affected by several comorbidities or receiving concomitant medications at 
interaction risk (Sultana et al.  2013 ). In fact RCT populations may be healthier than 
patients in real clinical practice and less likely to be prescribed a multidrug regimen 
as RCTs in the drug development phase tend to exclude the frailest patient catego-
ries such as very old patients who are generally affected by multiple comorbidities. 
Since the number of patients enrolled in a RCT is small compared to the number of 
patients that will be exposed to a drug in clinical practice, RCTs are unlikely to 
detect even life-threatening ADRs which occur rarely. These limitations can be 
addressed by observational studies, including those making use of databases, since 
such studies typically include data from long follow-up of large populations that 
are representative of real clinical settings, i.e., patients of all ages (pediatric and/or 
geriatric populations) and those at higher risk of an adverse drug reaction (the old-
est old, patients with several comorbidities, and those with on a multidrug 
regimen). 

 The use of healthcare databases to monitor drug safety can be illustrated using 
the association of antipsychotic drug use in dementia patients and the risk of all- 
cause mortality as an example (Table  5.4 ). The employed study designs for studying 
this association were either cohort or (nested) case-control and were conducted with 
various types of healthcare databases, including government administrative, general 
practice, and health insurance databases. The setting of each study might limit its 
generalizability and should be considered in the interpretation of study fi ndings. For 
example, veterans’ affairs database populations are mostly white males and may not 
be generalizable to the general population and government claims databases cover-
ing Medicaid benefi ciaries, who as persons having a lower socioeconomic status 
compared to non-Medicaid benefi ciaries, might not be generalizable to the general 
US population.

   Safety studies can be used to investigate various outcomes other than mortality. 
In keeping with the previous example of antipsychotic use in dementia, risk of 
adverse reactions such as cerebrovascular events, pneumonia, and venous thrombo-
embolism has been investigated with AP use in elderly persons with/without demen-
tia using healthcare databases (Trifi rò et al.  2014b ). Such studies were particularly 
useful from a clinical perspective as they explored the differential risk associated 
with individual antipsychotics, building on previous fi ndings suggesting class-spe-
cifi c fi ndings, such as that conventional antipsychotics are more likely to be associ-
ated specifi c outcomes (e.g., bacterial infections, myocardial infarction, and hip 
fractures) but less likely to be associated with cerebrovascular events compared 
with atypical antipsychotics when used in elderly dementia patients (Huybrechts 
et al.  2012a ). For example, emerging evidence suggests that quetiapine appears to 
have a lower risk of all-cause mortality compared to risperidone, while haloperidol 
has much higher risk all-cause mortality than risperidone (Huybrechts et al.  2012b ).  
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5.3.4     Limitations of Healthcare Databases for the Conduct 
of Observational Studies Concerning Psychotropic Drugs 

 Studying the relationship between psychotropic drug use and new onset of adverse 
effects in electronic health record databases is extremely challenging due to a 
variety of potential biases and confounders (Brookhart et al.  2010 ). In all observa-
tional studies, various types of bias, e.g., selection bias, protopathic bias, informa-
tion bias due to outcome and exposure misclassifi cation and confounding by 
indication, may infl uence the study fi ndings. The potential for selection bias in 
database safety studies is minimal as all data are obtained from prospectively col-
lected medical records/claims that are maintained for patient care purposes or 
administrative/reimbursement reasons on a population-based level and indepen-
dent of the patients’ health status. All the other biases represent a real concern for 
this type of studies as discussed more into detail below. 

5.3.4.1     Outcome Misclassifi cation 

 Outcome misclassifi cation may present more of a problem in claims healthcare data 
compared to general practice data registered for non-claims purposes, since the for-
mer may be less likely to register diagnosis codes accurately if this is not relevant to 
claims, compared to the latter. On the other hand, GP databases are less likely to 
register clinical outcomes which lead directly to emergency department visit/hospital 
admission or death. 

 All healthcare databases may be prone to the misclassifi cation of disease for 
which symptoms may be missed. An example of this is the registration of transient 
ischemic attack (TIA) when assessing the risk of cerebrovascular accidents (CVAs) 
in association to the use of antipsychotics in older people with dementia. TIA may 
be the trigger of stroke but potentially misdiagnosed by clinicians (thus not properly 
registered in any type of healthcare databases), especially in patients suffering 
already cerebrovascular disorders such as dementia patients. 

 In general, in drug safety database studies, it is necessary to identify outcomes by 
using coding algorithms that have been previously validated in the same or a similar 
database or to manually validate outcome through revision of medical charts (in 
claims databases) or electronic medical records (in GP database) including unstruc-
tured free-text information. It may be helpful also to conduct sensitivity analyses 
while using different outcome defi nitions having different level of accuracy with the 
aim of exploring the possible effect and magnitude of bias due to outcome misclas-
sifi cation. This approach has been frequently used in most of observational database 
studies which explore the risk of CVAs, myocardial infarction, pneumonia, and oth-
ers in association to several psychotropic drugs such as antidepressant and antipsy-
chotics (Pariente et al.  2012 ; Trifi rò et al.  2010b ,  c ).  
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5.3.4.2     Exposure Misclassifi cation 

 Prescription data in healthcare databases is free of recall bias as information on 
exposure is systematically registered for all drugs reimbursed by NHS, as it is the 
case for most of psychotropic drugs (except for benzodiazepines in several coun-
tries such as Italy where these drugs are directly charged to the citizens and thus not 
traceable with healthcare databases). General practice databases may have greater 
risk of exposure misclassifi cation since, even if the prescribed drugs are registered 
correctly within the database, they may not necessarily be fi lled by patients. For this 
reason, pharmacy dispensing data is perhaps less likely to be associated with such 
exposure misclassifi cation, even though exposure assessment is based on the 
assumption that patients take their medication as prescribed, once dispensed. A 
patient might prolong the duration of a prescription by tablet splitting but based on 
the prescription would be classifi ed as exposed. Misclassifi cation may also occur if 
patients discontinue a drug before their drug supply is fi nished. Drugs taken inter-
mittently on an as-needed basis are at risk of being misclassifi ed, as may be the case 
for antipsychotics or drugs for insomnia or benzodiazepines as drops formulation. 
Another issue concerns over-the-counter or privately purchased medicines which 
would not be captured by healthcare databases; however, this is not a signifi cant 
issue for psychotropic drugs which are prescription drugs. Claims healthcare data 
may lead to exposure misclassifi cation as far as prescriptions for drugs that are not 
covered by an insurance are not available, for example, if a patient pays for a medi-
cation himself without requesting reimbursement (Schneeweiss and Avorn  2005 ). 

 As for outcome misclassifi cation, in database safety studies on psychotropic 
drugs, sensitivity analyses changing the criteria for exposure status measurement 
should be carried out to investigate the possible role and magnitude of the effect of 
bias on the risk estimates.  

5.3.4.3     Confounding by Indication 

 In routine care the decision to prescribe a specifi c drug for the treatment of a certain 
indication in individual patients is based on several factors such as demographic 
characteristics of the patients, presence of concomitant medications and comorbidi-
ties, overall patients’ health status, severity of the disease/symptom that is intended 
to be treated, as well as patients’ and physicians’ preference and, in some situations, 
affordability of the drug therapy by the patient if the purchase of the medicine is 
charged directly to the patient, and so on. As a result, it is possible that patients 
prescribed a given drug for a certain indication of use differ substantially from the 
patients treated with other drugs or not treated at all in terms of baseline risk of the 
studied safety outcome, which may lead to the so-called confounding by 
indication. 

 Confounding by indication is a commonly used term that refers to an extraneous 
determinant of the outcome parameter that is present if a perceived high risk or poor 
prognosis is an indication for intervention. The indication is a confounder of the 
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drug-adverse event association because it correlates with the intervention and is a 
risk indicator for the illness (Salas et al.  1999 ). Confounding by indication is likely 
in safety studies concerning the association of commonly investigated safety out-
comes and psychotropic drugs, since the choice of psychotropic drug is often asso-
ciated with the prognosis or condition of a patient, which in itself can be a risk factor 
for studies outcomes (e.g., stroke, pneumonia, all-cause mortality, etc.). As an 
example, older people with dementia requiring antipsychotic prescriptions for the 
treatment of behavioral and psychotic disturbances of dementia (BPSD) have an 
increased risk of dying as compared to those who do not require such a treatment as 
the occurrence of BPSD in dementia patients is per se a strong risk factor of death 
(Tschanz et al.  2004 ). It is essential to keep this in mind when selecting the com-
parator in the assessment of association of any outcome and specifi c drug use in 
observational database studies. 

 In observational studies using healthcare databases, this confounding may bias 
the drug-adverse event risk estimate and particular attention should be paid in the 
design (i.e., selection of proper comparator, nesting a case-control study in a new 
user cohort) as well as the analytical phase, i.e., carrying out sensitivity analyses 
changing comparator to explore possible effect and magnitude of the bias effect on 
the risk estimate due to confounding by indication.  

5.3.4.4     Protopathic Bias 

 Protopathic bias occurs when a drug is used to treat prodromic symptoms of the 
study outcome; as a result, it may mistakenly appear that the drug is causing the 
occurrence of the outcome under investigation (Horwitz and Feinstein  1980 ). For 
example, SSRIs are frequently prescribed for the treatment of late life depression, 
which may represent a manifestation of subtle cerebrovascular disorders leading to 
stroke in the elderly (Krishnan  2000 ). Similarly, severe pneumonia may induce 
delirium and trigger subsequent antipsychotic drug use in elderly patients (Marrie 
 2000 ). In both situations, wrong assessment of the date of onset of study outcome 
could result in protopathic bias, thus mistakenly attributing stroke and pneumonia 
onset to SSRIs and antipsychotics, respectively. To deal with this protopathic bias in 
database safety studies, sensitivity analyses can be carried out by excluding from 
the analysis those patients who started the therapy within a short period prior to the 
occurrence of the outcome.  

5.3.4.5     Residual Confounding 

 The impact of confounding in healthcare database research can be reduced through 
the use of a suitable study design and/or a statistical strategy to adjust for known 
confounders, such as propensity score matching (Patorno et al.  2013b ). 
Nevertheless, is it diffi cult to fully exclude the possibility of bias due to unknown 
and unmeasured confounders in all database safety studies, irrespective of the 
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drug under investigation. Such confounders may include lifestyle factors (diet, 
level of exercise, etc.), the use of over-the-counter medications, and disease sever-
ity, which is often not registered, particularly in claims databases (Patorno et al. 
 2013a ). If data is available on a single unmeasured variable suspected to be a 
confounder, for example, data from a subsample or supplementary data from 
another data source, it may be possible to remove or adjust for residual confound-
ing due to that variable. If, on the other hand, data on several unmeasured variables 
that may be confounders is available, the propensity score method can be used to 
adjust estimates.    

5.4     Concluding Remarks and Future Directions 

 Healthcare databases such as GPs’ electronic medical records as well as administra-
tive/claims databases are important data sources to carry out observational studies 
aimed at quantifying and describing emerging safety issues associated with the use 
psychotropic drugs, as shown by the large amount of database safety studies that 
have been published worldwide in the last decades. As observational studies lack 
randomization in the assignment of the drug treatment under study, confounding 
and bias are issues that should be taken carefully into consideration. Nevertheless, 
it is to be considered that in any case a single observational study (not being experi-
mental) cannot establish the causal pathway of a drug-(adverse) event association. 
Instead, confi rmation of the results from a signifi cant number of observational stud-
ies that have been carried out using different methodologies and data sources to 
explore the same safety issues, together with evidence coming from different 
sources (e.g., biological plausibility, existence of randomized clinical trials or case 
reports, etc.), can support causal association. It is important however to acknowl-
edge limitations of observational studies and databases being used so to interpret the 
study results properly and, if necessary, cautiously, in addition to, whenever possi-
ble, the use of sensitivity analyses which may contribute to strengthen the robust-
ness of the fi ndings. 

 In the context of safety studies using electronic healthcare databases, new oppor-
tunities are open through the carrying out of multiple databases’ safety studies 
which have been developed in different international initiatives which created dis-
tributed database networks. Multiple database safety studies are extremely chal-
lenging from a logistical point of view, especially in case of combination of data 
sources from different countries with different underlying healthcare systems and 
healthcare data privacy and management legislations, as well as time- and resource- 
consuming from a methodological perspective. However, this approach may be par-
ticularly useful for the investigation of association of rare adverse events and rare 
drug exposure (e.g., cardiac valve regurgitation and use of ergot-derived dopamine 
agonists for the treatment of Parkinson’s disease) or in very specifi c patients catego-
ries (e.g., older people with specifi c type of dementia) which requires large base 
populations to gain enough statistical power to investigate such associations.     
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    Chapter 6   
 Monitoring of Plasma Concentrations 
of Psychotropic Drugs in Pharmacovigilance                     

       Christoph     Hiemke      and     Ekkehard     Haen    

    Abstract     The primary aims of pharmacovigilance are supervision and prevention 
of medication-related problems under everyday conditions. Pharmacovigilance is 
an indication for monitoring plasma concentrations, i.e. conducting therapeutic 
drug monitoring (TDM). Using TDM, it can be clarifi ed if observed unwanted drug 
effects may be attributed to abnormally high or low drug concentrations. Utmost 
benefi ts from TDM are obtained for pharmacovigilance when the method is ade-
quately integrated into the clinical treatment process. How to do this is described in 
consensus guidelines for TDM in psychiatry. During the last 20 years, TDM was 
very successful for detection of multiple pharmacokinetic drug-drug interactions. 
Many of them were discovered in individual cases. This gave rise to systematic 
prospective studies to verify or falsify such observations. Confi rmatory studies, 
however, are critical when drug combinations are potentially harmful. Then TDM 
databases should be used for retrospective analysis. They enable to study retrospec-
tively the safety and tolerability of psychotropic drugs and drug combinations taken 
in a broad spectrum of patients, including risk patients like children or adolescent 
patients, old-aged patients or patients with comorbid diseases. For such studies, 
however, TDM databases must contain not only laboratory but also clinical data. 
This is actually quite rare. Work in this regard is necessary. When functioning TDM 
software is available and TDM is widely used in psychiatry, data can be pooled to 
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emerge large databases for data mining. TDM has thus the potential to be and 
become a valuable part of pharmacovigilance.  

  Keywords     Therapeutic drug monitoring   •   Side effect   •   Plasma concentration   • 
  Reference range   •   Laboratory alert level   •   Data mining   •   Computerized physician 
order entry   •   Clinical decision systems   •   Drug-drug patients   •   Risk patients  

6.1         Introduction 

 Drug therapies are commonly controlled by the dose. With the “right” dose, optimal 
clinical improvement is to be achieved without adverse effects. Therefore, a crucial 
factor is the concentration of the drug that reaches the site of action, in case of psy-
chotropic drugs, the brain. In particular, because of interindividual differences in the 
equipment of the liver with drug-degrading enzymes or drug transporters, drug con-
centrations under the same dose can vary considerably from patient to patient. This 
is shown exemplary in Fig.  6.1  for 169 schizophrenic patients who were treated with 
amisulpride. Each point in this fi gure shows the concentration of the antipsychotic 
drug that was attained under the prescribed dose.

   Similar patterns of dose-related drug concentrations are known for any psycho-
tropic drug, e.g. antidepressants (Ostad Haji et al.  2012 ) or antipsychotic drugs 
(Hiemke et al.  2004 ; Hefner et al.  2013 ). Since the drug concentration in the blood 
usually correlates well with concentrations at the site of action, it has been proven 

1800

1600

1400

1200

1000

800

600

400

200

0
18001600140012001000

Amisulpride dose (mg/day)

P
la

sm
a 

co
nc

en
tr

at
io

n 
(n

g/
m

l)

800600400200

Recommended dose range

Recommended
therapeutic reference range

  Fig. 6.1    Dose-dependent plasma concentrations of amisulpride in 179 schizophrenic patients 
treated and observed under everyday conditions. Drug concentrations are highly variable. Under 
recommended doses of 400–800 mg/day, many patients exhibit drug concentrations above or 
below the recommended therapeutic reference range of 100–320 ng/mL (Hiemke et al.  2011 )       
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for many drugs to use blood level measurements to guide pharmacotherapy, i.e. to 
use therapeutic drug monitoring (TDM). Using TDM, the dose should be corrected 
individually as shown in Fig.  6.2  when the drug concentrations in the blood are not 
within the therapeutic reference range and the patient did not improve or suffers 
from side effects. At concentrations within the therapeutic range, the highest prob-
ability of response and good tolerability is expected. In psychiatry, both too low and 
too high drug doses or concentrations are associated with risks. Too low doses or 
drug concentrations can be associated with treatment failure or relapse which bear 
morbogenic risks such as psychotic exacerbation or self-harming. Too high doses or 
drug concentrations can lead to adverse drug reactions or intoxications.

   TDM consists not only of determination and reporting of drug concentrations in 
blood. It is a process that begins with the indication for TDM and ends with the 
treatment decision for the patient. TDM was originally established for drugs with a 
narrow therapeutic index, such as digoxin or cyclosporin A, and in psychiatry, for 
lithium (Fry and Marks  1971 ), tricyclic antidepressants (Åsberg et al.  1971 ; Preskorn 
and Fast  1991 ) or the antipsychotic clozapine (Simpson and Cooper  1978 ). Primary 
aims of TDM in psychiatry were originally related to safety, drug defaulting and 
side effects (Preskorn and Fast  1992 ; Sjöqvist et al.  1980 ; Touw et al.  2005 ). 

Pharmacokinetic Variability Pharmacodynamic Variability

Drug concentration in blood

Drug concentration in blood

Lack of therapeutic effect, morbogenic nisks

Clinical improvement

Clinical effect Risk for side
effects

Dose range

Daily dose

TDM

TDM

Therapeutic Reference Range

  Fig. 6.2    The concept of therapeutic drug monitoring (TDM) for guidance of pharmacotherapy. 
Under recommended doses and steady concentration, drug in the blood should be within the 
 therapeutic reference range to attain highest probability of drug response and good tolerability. 
In psychiatry, too low or too high drug concentrations are associated with risks. Too low doses/
concentrations bear morbogenic risks due to treatment failure or relapse like psychotic exacerba-
tion or self-harming. Too high drug concentrations can lead to reduced tolerance and poor 
 compliance or adverse drug reactions       
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 Since the fi rst application of TDM between 1970 and 1980, enormous progress 
was made in psychopharmacotherapy not only by the development of new drugs but 
also by many new fi ndings on the pharmacokinetics and pharmacodynamics of 
available drugs. Cytochromes P450 (CYP) enzymes have been recognized as a 
major source of variability in drug pharmacokinetics and response (Zanger et al. 
 2014 ). Of 57 putatively functional human CYP enzymes, seven were found to be 
relevant for about 90 % of phase I metabolism of psychoactive drugs, CYP1A2, 
CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and CYP3A4. The expression 
of each CYP is infl uenced by multiple mechanisms and factors including genetic 
polymorphisms, induction by xenobiotics, regulation by cytokines and hormones 
and alterations during disease states, as well as sex, age and others (Zanger and 
Schwab  2013 ). Genetic polymorphisms play a major role for the function of 
CYP2D6 and CYP2C19 and lead to distinct pharmacogenetic phenotypes termed 
poor (PM, no active alleles), intermediate (IM), extensive (EM, basic genotype) and 
ultrarapid metabolizers (UM). 

 Co-medication and other xenobiotics are another important determinant that has 
been found to affect the pharmacokinetics of drugs. Fluoxetine, fl uvoxamine, par-
oxetine, bupropion, duloxetine, moclobemide and multiple other drugs were identi-
fi ed as potent inhibitors of distinct CYP enzymes. To a lesser degree, but also 
clinically relevant, carbamazepine, compounds in St. John’s wort and other drugs 
were found to enhance the expression of CYP3A4. Marked pharmacokinetic drug- 
drug interactions can result when combining such inhibitors or inducers with drugs 
that are metabolized by inhibited or induced enzymes (victim drugs). The escalating 
use of prescribed drugs has led to polypharmacy as a “normal” condition of phar-
macotherapy, in psychiatry as well as in other disciplines (Guthrie et al.  2015 ), espe-
cially in elderly patients. 

 Modern TDM uses the above-mentioned psychopharmacology knowledge 
gained during the last 40 years in practice for the best possible pharmacotherapy 
of individual patients. It thus enhances patient care and patient safety. Modern 
pharmacovigilance, which is defi ned as the science and activities relating to the 
detection, assessment, understanding and prevention of adverse effects or any 
other drug- related problem (WHO  2002 ; EMA  2014 ), also aims to enhance patient 
care and patient safety in relation to the use of medicines. Spontaneous reporting 
of suspected adverse drug reactions (ADRs) has long been the cornerstone of 
pharmacovigilance worldwide for the identifi cation of early signals of problems 
of safety related to the use of medicines. However, data generated from spontane-
ous reporting systems are often fragmentary. They are of limited use for the evalu-
ation of observed events. Spontaneously reported adverse drug reactions are 
therefore considered as a hint that must be followed by systematic studies. Since 
TDM supervises pharmacotherapy under everyday conditions and thus aims to 
prevent safety problems related to the use of medicines (Haen  2011 ; Jaquenoud-
Sirot et al.  2006 ), TDM and pharmacovigilance thus have the same primary aims. 
When applied appropriately, i.e. as recommended in the consensus guidelines for 
TDM in psychiatry, collected information is more complete and better structured 
(Baumann et al.  2004 ; Hiemke et al.  2011 ) than reports in the pharmacovigilance 
programs. TDM is therefore potentially a highly suitable tool and source for 
pharmacovigilance.  
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6.2     Monitoring of Plasma Concentrations to Guide 
and Supervise Psychopharmacotherapy 

 The benefi ts of monitoring of plasma concentrations regarding the optimization of 
pharmacotherapy can only be obtained if the method is adequately integrated into 
the clinical treatment process. The TDM group of the Arbeitsgemeinschaft für 
Neuropsychopharmakologie und Pharmakopsychiatrie (AGNP) issued best practice 
guidelines for TDM in psychiatry in 2004 (Baumann et al.  2004 ) which were 
updated in 2011 (Hiemke et al.  2011 ). 

6.2.1     Therapeutic Reference Range and Laboratory 
Alert Level 

 TDM is based on the assumption that there is a relationship between plasma con-
centrations and clinical effects, i.e. therapeutic improvement, side effects and 
adverse effects (Hefner et al.  2013 ). It also assumes that there is a plasma concentra-
tion range of the drug which is characterized by maximal effectiveness and maximal 
safety, the “therapeutic reference ranges” (often called “therapeutic window”). The 
therapeutic reference range is a key target value to perform TDM. 

 The therapeutic reference ranges reported in the AGNP guideline defi ne ranges 
of medication concentrations which specify a lower limit below which a drug- 
induced therapeutic response is relatively unlikely to occur and an upper limit above 
which tolerability decreases or above which it is relatively unlikely that therapeutic 
improvement may be still enhanced. It is an orienting, population-based range 
which may not necessarily be applicable to all patients. Individual patients, e.g. 
patients under drug combinations, may show optimal therapeutic response under a 
drug concentration that differs from the therapeutic reference range. The therapeutic 
reference ranges as recommended by the TDM group of the AGNP for antidepres-
sant, antipsychotic and mood-stabilizing drugs are given in Table  6.1 . They were 
evidence based and derived from the literature by a structured review process. For 
only 15 neuropsychiatric drugs, therapeutic reference ranges based on randomized 
clinical trials were found in the literature. For most drugs, reference ranges were 
obtained from studies with therapeutically effective doses.

   If prospective or retrospective studies on the therapeutic reference range are 
lacking, the drug concentration that is expected under steady-state conditions (Css) 
can be calculated for the given dose as follows:

  Css DD / CLt=    

The calculation is based on the direct correlation of the daily dose (DD, constant 
dose per day under steady state) to its blood concentration Css, with the total 
 clearance of the drug (CLt) being the correlation coeffi cient:

  DD Css CLt× = ×F / t    
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with DD as dose (mg),  F  as bioavailability and  τ  as dosing interval (h). Based on this 
information, it is possible to calculate the plasma concentration of a drug that may 
be expected in blood under a defi ned dose (Haen et al.  2008 ). 

 In addition to the therapeutic reference range and especially with regard to safety 
aspects, the so-called laboratory alert level is another relevant target value for TDM- 
guided drug therapies. For most psychotropic drugs, plasma concentrations with an 
increased risk of toxicity are normally much higher than the upper threshold levels 
of the therapeutic reference ranges shown in Table  6.1 . In the TDM guidelines 
(Hiemke et al.  2011 ), a “laboratory alert level” mostly above the upper plasma con-
centration limit of the therapeutic reference range was defi ned as follows: “The 
“laboratory alert levels” (Table  6.1 ) indicate drug concentrations that cause the 
laboratory to feedback immediately to the prescribing physician. The alert levels are 
based on reports on intolerance or intoxications and plasma concentration measure-
ments. In most cases, however, it was arbitrarily defi ned as a plasma concentration 
that is twofold higher than the upper limit of the therapeutic reference range. The 
laboratory alert should lead to dose reduction when the patient exhibits signs of 
intolerance or toxicity. When the high drug concentration is well tolerated by the 
patient and if dose reduction bears the risk of symptom exacerbation, the dose 
should remain unchanged. The clinical decision, especially in case of unchanged 
dose, needs to be documented in the medical fi le.  

6.2.2     TDM Request 

 TDM should only be requested when there is evidence that the result will provide 
an answer to a specifi c question. Typical indications are shown in Fig.  6.3 .

   TDM requests must include a completed request form, especially when informa-
tion is to be used for pharmacovigilance issues. An adequate interpretation of the 
results is essential to support clinical decision making. The form should contain the 
following:

•    Patient name or code  
•   Demographic data  
•   Diagnosis  
•   Medication including co-medications  
•   Reason for the request  
•   Commercial and the generic name of the drug and its dose  
•   Galenic formulation  
•   Time of the last change of the dose  
•   Time of blood withdrawal    

 Moreover,

•    A brief clinical rating score for evaluation of therapeutic improvement  
•   A brief side effect rating score    

C. Hiemke and E. Haen
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 should be on the request form (Hiemke et al.  2011 ). 
 For objective symptom rating, the clinical global impression (CGI) scale, which 

measures severity of illness and therapeutic improvement (Guy  1976 ), is useful. For 
safety purposes, the summary form of the UKU scale (Lingjærde et al.  1987 ) is use-
ful to evaluate the occurrence and severity of side effects. 

 A brief comment on the clinical situation must also be given for interpretation of 
the results.  

6.2.3     Blood Sample Collection, Storage and Shipment 

 Generally, TDM is carried out in plasma or serum samples. There is no consensus 
whether plasma or serum should be preferred. The few available comparisons indi-
cate that values obtained from serum or plasma can be used interchangeably. 
Analysis of drugs in other materials such as urine, spinal fl uid, tears, hairs or mater-
nal milk has not been introduced for TDM purposes, and no validated data are avail-
able which deal with therapeutic concentrations. Saliva offers the advantage of 
non-invasive collection. 

Renal or liver
dysfunction

Suggested
non-compliance

Intoxication

Side effect

Insufficient
response

Drug
combinations

Suggested
drug-drug
interaction

Relapse

Distinct
genotype

Children
adolescent

Aged patients
>65 y

TDM

Relapse
prevention

  Fig. 6.3    Typical indications to request therapeutic drug monitoring (TDM). Indications related to 
pharmacovigilance are marked in grey       
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 With few exceptions, TDM relies on trough steady-state plasma concentrations. 
One exception is the indication “side effects”. When they occur, it is useful to know 
if they can be attributed to elevated drug concentration and if the dose may be 
reduced without loss of effi cacy. For concentration measurements under steady 
state, blood should be collected after four to fi ve drug elimination half-lives after the 
start of or change of dosage. For most psychotropic drugs, elimination half-lives 
vary between 12 and 36 h. Notable exceptions are quetiapine, trazodone or venla-
faxine, which display elimination half-lives around 6 h. Fluoxetine and aripiprazole 
have longer elimination half-lives. In clinical practice, the appropriate sampling 
time for most psychoactive drugs is 1 week after stable daily dosing and immedi-
ately before ingestion of the morning dose, which usually is 12–16 h (or 24 h if the 
drug is given once daily in the morning) after the last medication. It is always rec-
ommended to indicate exactly the time of administration of the last dose for 
interpretation. 

 With few exceptions, serum or plasma samples can be stored in the dark (at 4 °C) 
for at least 24 h, and most drug samples can be sent without freezing. An exception 
is bupropion. Blood serum or plasma must be frozen after blood withdrawal. 
Olanzapine must also be stored frozen (−20 °C) if not analysed within 72 h.  

6.2.4     Laboratory Measurements 

 Selective and sensitive analytical methods for the quantitative evaluation of drugs 
and their metabolites (analytes) are essential for the successful conduct of 
TDM. Methods must be validated. Fundamental parameters for validation include 
(1) inaccuracy, (2) imprecision, (3) selectivity, (4) sensitivity, (5) reproducibility 
and (6) stability. 

 For psychoactive drugs, high-performance liquid chromatography (HPLC), in 
combination with suitable detection methods or liquid chromatography coupled 
with mass spectroscopy (LC-MS) especially tandem MS (LC-MS/MS) methods 
are preferred. They are most sensitive and selective and can be used without time-
consuming sample preparation. Many compounds can be analysed simultaneously. 
In case of suspected intoxications, TDM methods should enable drug analysis 
within 1–2 h. For this purpose, automated methods are advantageous. 

 The laboratory should not only analyse the drug but also its active metabolites. 
The determination of metabolites that do not contribute to the overall clinical 
effect can also be useful to monitor drug adherence of the patient, to get informa-
tion on his/her capacity to metabolize drugs or to interpret drug-drug interactions 
when drugs are involved exhibiting enzyme-inhibiting or enzyme-inducing prop-
erties. Within the therapeutic reference range, intraday and interday precision 
should not exceed 15 % (coeffi cient of variation), and accuracy should not deviate 
more than 15 % from the nominal value. To ensure quality and reliability of 
plasma concentrations assays, internal and external quality control procedures are 
mandatory.  
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6.2.5     Reporting of Results 

 Reporting of results should contain the following information:

•    Concentration of the psychoactive drug as well as that of metabolites contribut-
ing to the therapeutic action  

•   Reference range  
•   Interpretation and pharmacologic advice    

 The results should be available for decision making within a clinically meaning-
ful time. A 24 h TDM service is desirable; 48 h is suffi cient in most cases. In case 
of suspected intoxications, a few hours of service is necessary. To assist rapid inter-
vention in patients at risk for toxicity or loss of tolerability, prompt information 
(phone call) of the treating physician is required when the laboratory measures drug 
concentrations above the “laboratory alert level”. 

 Expert interpretation of a drug concentration measurement and the adequate use 
of the information are essentials to ensure the full clinical benefi t of TDM. Reporting 
of results with inclusion of dose recommendations and other comments must be 
guided by the best available evidence. Diagnosis and drug dose are important for 
interpretation, since they permit a judgement on whether a result is plausible or not. 
For the interpretation of the results, it should not only be considered whether the 
plasma concentration of the drug is within the “therapeutic reference range”. It must 
also be considered if the drug plasma concentration is consistent with the dose. A 
plasma concentration may be outside the therapeutic reference range, just because a 
low or high dose was taken. Often it is necessary to deal with pharmacokinetic prop-
erties such as metabolic pathways, enzymes involved and substrate and inhibitor 
properties of all drugs taken by the patient for interpretation of the results. Supportive 
information is given in the TDM guidelines (Hiemke et al.  2011 ). 

 Any drug concentration outside its dose-related reference range should alert the 
TDM laboratory to actively look for non-average pharmacokinetic drug disposition 
of the patient, drug-drug-interactions, gene polymorphisms that give rise to poor or 
ultra rapid metabolism, altered function of the excretion organs liver and kidneys, 
age and/or disease-related changes in the patient’s pharmacokinetics, compliance 
(adherence) problems, a nonsteady state and even signal interference from other 
medications that the patient may not have declared to the prescribing physician (e.g. 
St. John’s wort) in the laboratory analysis. 

 Plasma concentrations must be interpreted with the clinical presentation in mind. 
Recommendations on dosage changes constitute the most frequent advice. Other 
information which could be of help for the physician are those related to genetic 
polymorphisms, risks of pharmacokinetic interactions in the case of polypragmasy 
and pharmacokinetic properties of the drug in patients belonging to a “special popu-
lation”, e.g. elderly patients, or patients with hepatic or renal insuffi ciency. 

 Since interpretation of TDM results may be complex, training in clinical psycho-
pharmacology and pharmacokinetics is essential. Regular conferences with discussion 
of the interpretation of real cases are most helpful for learning. It is also recommended 
that junior psychiatrists interpret the results under supervision of an expert.   
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6.3     Computerized Data Entry Ordering and Reporting 
Systems for Therapeutic Drug Monitoring 

 Documented feedback to questionnaires indicates that clinicians often do not want 
to put clinical information on the form (Vuille et al.  1991 ). Moreover, the fi lled-in 
information is often not accurate. Therefore, it is advantageous to use computerized 
physician order entry and reporting of results (Bates  1998 ; Haen  2011 ), especially 
when TDM is to be used for pharmacovigilance research. This technology guides 
the ordering physician to give the relevant information required for interpretation in 
a comfortable way. Actual laboratory information systems are so far of limited use 
for TDM. They collect, record, organize and archive laboratory results. However, 
they do not have access to information that is required for interpretation of TDM 
results. Pharmacokinetic, pharmacodynamic and marketing characteristics of all 
drugs taken by the patient must be considered. 

 This can be made available by modern information technology: Konbest is a 
web-based laboratory information management system (LIMS) for TDM- 
laboratories (see   www.konbest.de    ). Konbest consists of a server, a web client, the 
software for local hospital servers (electronic patient chart, clinic information sys-
tem, laboratory information system LIS) and expansive pharmacological databases. 
The server hosts the following pharmacological databases:

•    A database for pharmacokinetic characteristics of drugs  
•   A database for metabolic pathways of drugs  
•   A database for composition of commercial drug products  
•   A database for guidelines of pharmacotherapy  
•   The implementation of the database   www.psiac.de     for drug-drug-interactions    

 The web client coordinates the data fl ow from hospital to laboratory and allows 
interpretation by clinical pharmacological experts via the Internet. A server at hand 
for the treating physician stores personalized patient data (demographic data, diag-
nosis, clinical status as assessed by clinical global impression, CGI scale, medica-
tion and clinical variables), checks the medication for potential drug-drug 
interactions using a drug interaction database, exports pseudonymized patient data 
to be sent to the TDM laboratory and reimports the analysis results together to com-
bine this information with the personalized patient chart. 

 The Internet platform Konbest supports clinical pharmacological experts in set-
ting up the clinical pharmacological report. Some parts of the report are created 
automatically; for other parts, text sequences are suggested to the clinical pharma-
cologist who has to choose one and adapt it to the particular case; a third part of the 
report cannot be created by the computer at all; it has to be entered via the clipboard 
into Konbest. Finally Konbest creates a pdf fi le that is send back to the treating 
physician as laboratory result report. 

 Konbest classifi es the drug concentration according to these relations in a TDM 
9-fi eld-board (Haen  2011 ): In row 1, all drug concentrations are found that were 
infl uenced by an metabolic pathway induced by drug-drug interaction or by 
 genetically fast metabolizers; in row 2, all drug concentrations are found that were 
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quantifi ed in “normal” patients; in row 3, all drug concentrations are found that 
were infl uenced by an metabolic pathway inhibited by drug-drug interaction or by 
genetically slow metabolizers. 

 TDM software like Konbest not only supports the practice of TDM but also 
assembles multiple data on the pharmacotherapy under everyday clinical condi-
tions. It thus builds up over time a mine that is suitable for research. Systematic 
collection of data on drug exposure, serum concentrations and clinical character-
istics as well as outcomes can generate practice-based evidence. A German-
Swiss- Austrian competence network for TDM in child and adolescent psychiatry 
used such approach (Taurines et al.  2013 ). They compiled a multicentre Internet-
based data infrastructure to document and collect demographic, safety and effi -
cacy data as well as blood concentrations of psychotropic drugs in children and 
adolescents (for further information, see   www.tdm-kjp.com    ). More recently, a 
large multicenter clinical trial («TDM-VIGIL»), funded by the German Federal 
Institute for Drugs and Medical Devices, has begun to collect epidemiological 
prescription and safety data of psychotropic drugs in children and adolescents 
(Egberts et al.  2015 ).  

6.4     Drug Level Monitoring for Pharmacovigilance 

 When using drug level monitoring for pharmacovigilance purposes, supervision of 
the medication can directly prevent the occurrence of adverse drug reactions. They 
can occur when drug concentrations are abnormally high. Typical reasons are drug- 
drug interactions when a critical drug combination that contains an inhibitor of a 
drug metabolizing enzyme is prescribed. Using TDM, the dose can be adapted. 
Other pharmacovigilance-related indications aiming to prevent problems of tolera-
bility or adverse effects are treatment of old-aged patients, children or adolescent 
patients and patients with comorbid diseases. In these patients, pharmacokinetically 
relevant alterations of renal or liver function may occur. Another group of risk 
patients are those with CYP gene variants that give rise to abnormal drug concentra-
tions. For such patients, the dose can be easily adapted by TDM when plasma levels 
are measured regularly to avoid critical drug concentrations that may lead to side 
effects or loss of action (Fig.  6.2 ). 

 When unwanted side effects occur unexpectedly, drug concentration measure-
ment in the blood is useful for clarifi cation. How to do this step by step is shown 
schematically in Fig.  6.4 . The algorithm indicates the usefulness of drug monitoring 
in case of side effects, intoxications or relapses (Fig.  6.5 ).

    When the drug concentration is within the recommended therapeutic reference 
range, evidence is given that a pharmacodynamic or a patient-specifi c problem. 
When the drug concentration is lower than expected, CYP-inducing comedication, 
heavy smoking or other factors can be relevant. The most frequent reason, however, 
is non-adherence to medication. When the latter can be excluded, the dose can be 
adapted or changed even if inducing co-medication is taken. For a few patients, an 
ultrarapid metabolizer status of CYP2D6 may be relevant. This must be considered 
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  Fig. 6.4    Information technology (IT) supported therapeutic drug monitoring (TDM) to individually 
optimize pharmacotherapy of psychiatric patients. Computerized physician order entry and report-
ing of results support clinical decision making. Collected data can be used as a mine for retrospec-
tive analysis of pharmacotherapy and treatment outcomes under everyday clinical conditions       

Drug concentration
as expected and recommended

Discontinuation or change of
medication

Use of comedication

Drug concentration measurement in blood

Dose adaptation, change of medication or comedication

(Genotyping of CYP2D6 or CYP2C19)
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Control of medications and smoking habits

  Fig. 6.5    Algorithm for the use of drug concentration measurement in the blood. In case of side 
effects, intoxications or relapses, it is advisable to measure drug concentrations for problem solv-
ing and for rationale clinical decision making       
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when the victim drug is a substrate of CYP2D6. For such cases, genotyping can be 
useful for clarifi cation (Spina and de Leon  2015 ). 

  For this patient, plasma level monitoring could clarify an abnormally rapid 
 elimination of escitalopram. CYP2C19 is the predominant enzyme involved in the 
degradation of escitalopram. High CYP2C19 activity could not be explained by 
CYP2C19 inducing medication or an abnormal genotype. Under TDM control, it was 
possible to apply supra-therapeutic doses and thus attain remission. Reasons for non-
response or tolerability problems under other antidepressant medications remained 
obscure since plasma concentration measurement was not used for clarifi cation. 

  For this patient, drug level measurement could clarify that the concentration of 
olanzapine in the blood had increased because of two reasons. The dose had been 
increased from 10 to 20 mg/day. Moreover, cessation of smoking decreased the activ-
ity of CYP1A2. CYP1A2 is relevant for olanzapine, and it is induced by smoking. 
The inducing effect of smoke was interrupted due to cessation of smoking.

 Case 1 
 A depressed male patient, aged 60 years, was treated for months with  several 
antidepressant drugs without any clinical improvement. Other  antidepressant 
drugs, especially those with noradrenaline reuptake inhibiting activity (doxe-
pin and venlafaxine), were not tolerated. When prescribing escitalopram (up 
to 20 mg/day), the medication was well tolerated, but it did not lead to suffi -
cient clinical improvement. Measuring the escitalopram concentration in 
blood revealed 10 ng/mL. This was below the therapeutic reference range of 
15–80 ng/mL (Table  6.1 ). Dose increase up to 80 mg which was fourfold 
above the recommended maximal dose was required to attain therapeutic lev-
els. Under these conditions, full remission was reached. 

 Case 2 
 A schizophrenic male patient, aged 56 years and heavy smoker, was under 
stable daily medication with 10 mg olanzapine and 50 mg amitriptyline. 
Because of occurrence of psychotic symptoms, the olanzapine dose was 
increased to 20 mg. In parallel, an acute infection occurred which was associ-
ated with a severe cough. The patient stopped smoking and had soon a severe 
accident by bike (broken shoulder). In the intensive care unit, medication was 
discontinued. The consulting psychiatrist recommended TDM, and blood was 
taken 48 h after the last intake of olanzapine. Laboratory analysis revealed 
113 ng/mL olanzapine which was above the upper threshold level of the refer-
ence range. Amitriptyline and nortriptyline were not detectable. Considering 
the elimination half-life, it was extrapolated that the concentration of olanzap-
ine was above 300 ng/mL and thus above the laboratory alert level of 150 ng/
mL. The accident could thus be explained as a drug-induced delirium. Suicidal 
ideations were not present. 
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6.5        Drug Level Monitoring for Detection 
and Characterization of Pharmacokinetic Drug-Drug 
Interactions 

 During the last 30 years of psychopharmacotherapy, the most important fi nding 
brought about by TDM with regard to pharmacovigilance was detection of drug- 
drug interactions. In a considerable number of cases supervised by TDM clinically 
relevant drug-drug interactions were found. Representative examples are given in 
Table  6.2 .

   Using TDM, it was recognized that most new antidepressants are strong inhibi-
tors of CYPs. Fluoxetine, paroxetine, duloxetine and bupropion inhibit CYP2D6; 
fl uvoxamine inhibits CYP1A2 and CYP2C19; moclobemide CYP2C19 and 
CYP2D6; and nefazodone CYP3A4. For all these drugs, their inhibitory potential 
was unknown when the drugs were introduced on the market. Testing of CYP 
 inhibitory and inducing properties of drugs in the early clinical phase of drug 
 development has therefore become obligatory for drug development. 

 Observations on drug-drug interactions gave rise to multiple prospective studies 
to verify the case report-based fi ndings on drug-drug interactions and to quantify the 
magnitude of inhibitory or inducing properties of drugs. Thus drug-drug interac-
tions were studied prospectively between fl uvoxamine and imipramine (Spina et al. 
 1992, 1993b ), fl uvoxamine or fl uoxetine and carbamazepine (Spina et al.  1993a, 
1998 ), fl uoxetine or fl uvoxamine and tricyclic antidepressant and antipsychotic 
drugs (Vandel et al.  1995 ), phenobarbital and desipramine Spina et al. ( 1996 ), fl u-
voxamine and clozapine (Szegedi et al.  1995 ; Wetzel et al.  1998 ), fl uvoxamine and 
clomipramine (Szegedi et al.  1996 ), ketoconazole and carbamazepine (Spina et al. 
 1997 ), paroxetine or sertraline and clozapine (Spina et al.  2000b ), moclobemide and 
dextromethorphan (Härtter et al.  1998 ), risperidone with carbamazepine and valpro-
ate (Spina et al.  2000a ), fl uoxetine or paroxetine and risperidone (Spina et al.  2001a , 
 2002 ), reboxetine and clozapine or risperidone (Spina et al.  2001b ), fl uvoxamine 
and olanzapine (Hiemke et al.  2002 ), sertraline and risperidone (Spina et al.  2004 ), 
lamotrigine and clozapine, olanzapine or risperidone (Spina et al.  2006 ), and val-
proate and olanzapine (Spina et al.  2009 ). 

 Drug-drug interactions identifi ed by case reports should always be verifi ed, since 
a single case does not allow generalization of the fi nding. The best way of verifi ca-
tion is a prospective, well-controlled clinical trial as mentioned above. When case 
reports, however, found severe adverse event by a drug combination, prospective 
studies can be ethically problematic. Then it is advantageous to conduct retrospec-
tive analysis using collected TDM data especially when computerized data entry 
ordering and reporting systems for TDM. When large TDM databases are available, 
it is possible to analyse drug-drug interactions retrospectively. Examples for publi-
cations that used this approach are summarized in Table  6.3 . 

 TDM databases can be most informative for pharmacovigilance. So far such 
databases are rare. Actual routine laboratory software is not suitable. Clinical data 
on diagnoses, psychopathology or side effects or complete information on 
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 prescribed drugs and doses are mostly missing. Nevertheless, when information is 
restricted to plasma concentrations, dose and co-medication, it is possible to evalu-
ate at least pharmacokinetic aspects. Only few institutions have access to TDM data 
mines, and when available, they often do not use their databases for research. 
Examples for TDM studies that used the data mining approach are shown in 
Table  6.3 .  

6.6     Drug Level Monitoring in Risk Patients 

 Another example for the usefulness of TDM data mines and pharmacovigilance is 
psychiatric risk patients. Pregnant or breastfeeding patients, children or adolescent 
patients, individuals with intellectual disabilities, elderly patients, especially 
patients aged above 75 years, patients with co-morbid diseases or patients in 

    Table 6.3    Drug-drug interactions identifi ed and characterized by retrospective analysis of TDM 
data   

 Inhibitory or 
inducing drug  Victim drug  Effect 

 Suggested 
mechanism  Reference 

 Fluvoxamine  Clozapine  Increase of clozapine 
plasma concentration, 
occurrence of side 
effects 

 Inhibition of 
CYP1A2 and 
CYP219 

 Jerling et al. 
( 1994b ) 

 Levomepromazine, 
perphenazine, 
thioridazine 

 Amitriptyline  Increase of 
amitriptyline and 
plasma concentration, 
occurrence of side 
effects 

 Inhibition of 
CYP1A2 and 
CYP219 

 Jerling et al. 
( 1994a ) 

 Valproate  Risperidone  Decrease of risperidone 
active moiety plasma 
concentration 

 Induction of 
CYP3A4 

 Spina et al. 
( 2000a ,  b )  Carbamazepine 

 Lamotrigine  Olanzapine  No effect on 
olanzapine plasma 
concentration 

 Botts et al. 
( 2008 )  Lorazepam 

 Mirtazapine 
 Oxcarbazepine 
 Topiramate 
 Valproate 
 Valproate  Clozapine  Decrease of clozapine 

plasma concentration 
 Induction of 
clozapine 
metabolism 

 Diaz et al. 
( 2014 ) 

 Esomeprazole  Escitalopram  Increase of 
escitalopram and 
citalopram but not of 
sertraline concentration 
by omeprazole and 
esomeprazole 

 Inhibition of 
CYP2C19 

 Gjestadt 
et al. ( 2015 )  Lansoprazole  Citalopram 

 Omeprazole  Sertraline 
 Pansoprazole 
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 forensic psychiatry are generally excluded from clinical trials. Individuals with 
intellectual disabilities or patients in forensic psychiatry clinical trials are not 
allowed. For such patients, many psychoactive drugs are not approved for use. 
Therefore TDM is highly recommended for these patients (Hiemke et al.  2011 ). For 
pregnant or breastfeeding women, TDM aims to minimize the risk of relapse on the 
mother’s side and, at the same time, to minimize risks associated with drug expo-
sure of the foetus or the child. Moreover, pharmacokinetics and pharmacodynamics 
change during development. Ageing involves progressive impairments of the func-
tional reserve of multiple organs, especially renal excretion, and body composition 
changes signifi cantly. Hepatic clearance can be reduced by up to 30 % with phase I 
reactions being more likely to be impaired than phase II reactions. 

 To raise data on the effectiveness and tolerability of psychoactive drugs in these 
patients TDM is most useful. First results are available for children and adolescent 
psychiatric patients (Cherma et al.  2011 ; Taurines et al.  2013 ; Egberts et al.  2011 , 
 2015 ). For old-aged patients the medication with citalopram and/or venlafaxine was 
analysed (Sigurdsson et al.  2014 ; Unterecker et al.  2012 ; Wenzel-Seifert et al. 
 2014 ). Old-aged patients exhibited a higher risk for adverse reactions under citalo-
pram (Wenzel-Seifert et al.  2014 ), and a 42 % higher dose-adjusted plasma concen-
tration was found for venlafaxine (Sigurdsson et al.  2014 ). Castberg and Spigset 
( 2008 ) analysed data in a high-security forensic unit and found higher doses in 
forensic patients than in a control group. The dose-related plasma concentrations 
were signifi cantly lower for olanzapine but higher for quetiapine in the forensic 
patients than in the control group. Pfuhlmann and co-workers used TDM data in 
conjunction with routine laboratory data (Pfuhlmann et al.  2009 ). They could thus 
show for clozapine that patients with abnormally high levels of serum levels had 
signifi cantly more often pathological C reactive protein (CRP) levels, a common 
laboratory parameter indicating signs of infl ammation. Logistic regression analysis 
revealed CRP elevation as the most relevant predictive factor for an increase of 
clozapine serum levels. 

 Overall the number of publications that used the data mining approach is so far 
limited. The rapid development of information technology and the broader use of 
TDM in the future will certainly have stimulating effects on such efforts.  

6.7     Conclusion and Perspective 

 The common objectives of TDM and pharmacovigilance are supervision of medica-
tion in everyday clinical practice and improvement of tolerability and safety of 
medications. When TDM is used appropriately and more frequently than so far, 
treatment effi ciency and safety of psychotropic medication will improve. TDM has 
the potential to become a highly suitable tool for pharmacovigilance. Computerized 
drug monitoring will gather valid information on clinical interventions and out-
comes. In conjunction with computerized decision support systems, it will be able 
to analyse treatment strategies and outcomes. In psychiatry, there is an urgent need 
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for perfection of treatment available and a need for studies analysing treatment under 
everyday conditions, especially for aged patients and other risk patients who require 
pharmacotherapy but are normally excluded from clinical trials. Commercial labora-
tory software is actually not suitable for TDM and pharmacovigilance. Effective 
packages are on the way to become available (e.g.   www.konbest.de    ). Information 
technology systems can support knowledge-based optimal drug dosing and clinical 
decision making in a user-friendly way and thereby build up a platform suitable for 
health-care research on drug treatment, especially for pharmacovigilance research.  
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    Chapter 7   
 The Role of Pharmacogenetics 
in Pharmacovigilance of Psychotropic Drugs                     

       Alessandro     Serretti      and     Chiara     Fabbri    

    Abstract     Compliance to psychotropic medications is often reduced by the emer-
gence of unwanted side effects, and rare life-threatening adverse events to these 
drugs require strict systems of surveillance. Genetic factors are hypothesized to 
contribute signifi cantly to the susceptibility of adverse drug reactions (ADRs). 
Indeed, about 50 % of ADRs in central nervous system disorders may be attributed 
to pharmacogenomic factors. 

 Some genotype tests such as HLA-B*1502 when using carbamazepine in popu-
lations of Asian descent aid in the prevention of Stevens-Johnson syndrome. This in 
addition to testing for  CYP2D6  genotypes when using pimozide is already recom-
mended for use in clinical practice.  HLA - DQB1  testing for the susceptibility to 
clozapine-induced agranulocytosis and  CYP2D6  genotyping in case of polyphar-
macy could be recommended in the near future, at least in patients with nongenetic 
risk factors. The most promising fi ndings for future clinical applications include the 
association between  HTR2C ,  MC4R ,  leptin  genes, and antipsychotic-induced meta-
bolic side effects;  DRD2 ,  HTR2A ,  CYP2D6 ,  HSPG2 , and  ZFPM2  genes and 
antipsychotic- induced movement disorders;  SLC6A4 ,  HTR2A , and genes coding for 
cytochrome P450 isoenzymes and the overall risk of antidepressant-induced ADRs. 

 Given the preliminary results supporting improved outcomes (including 
improved tolerability) in case of pharmacogenetic testing and possible cost/benefi t 
ratio improvement, clinical indications for genotyping are expected to increase in 
the near future.  
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7.1         Introduction 

7.1.1     The Genetic Contribution to Psychotropic Drug-Induced 
Side Effects 

 Neuropsychiatric disorders account for 19 % of disability-adjusted life years 
(DALYs) in Europe, representing the second most frequent cause of disability after 
cardiovascular diseases (WHO  2004 ). Psychotropic medications are not less effec-
tive than other drugs used in general medicine (Leucht et al.  2012 ), but treatments 
tailored to the individual are lacking and compliance to psychotropic drugs is often 
low due to stigma and also due to the issue of unwanted side effects. For example, 
treatment nonadherence occurs at a rate between 12 % and 64 % among individuals 
with bipolar disorder, with consequent increase in the likelihood of relapse and 
reduction of quality of life (Leclerc et al.  2013 ). 

 When considering psychotropic medications, one of the most relevant categories 
of adverse drug reactions (ADRs) is represented by metabolic ADRs. Patients with 
severe psychiatric disorders have twice the risk of obesity compared to the general 
population (Dickerson et al.  2006 ) and a higher risk of dyslipidemia, glucose intoler-
ance, and type II diabetes. Consequently, cardiovascular diseases represent a main 
cause of mortality in patients with severe psychiatric diseases (Osborn et al.  2007 ), 
making metabolic ADRs in this population a signifi cant health issue. Extrapyramidal 
side effects (EPS) and drug-induced sexual dysfunction are further critical ADRs due 
to their high incidence and heavy impact on quality of life. EPS are among the most 
frequent side effects reported by patients with schizophrenia (almost 60 % of 
patients), followed by sedation and weight gain (∼50 % of patients for each) (Millier 
et al.  2014 ). Sexual dysfunction is reported by almost 30 % of patients with schizo-
phrenia, and over 45 % of patients with depression may experience this side effect 
associated with antidepressant drugs (Baldwin and Foong  2013 ). In recent years, the 
issue of antidepressant-induced suicidal ideation also emerged, and efforts have been 
make to identify risk factors. Finally, some rare but potentially life-threatening ADRs 
are due to immune-mediated cutaneous hypersensitivity reactions such as carbam-
azepine- and lamotrigine-induced Stevens-Johnson syndrome (SJS), clozapine- 
induced agranulocytosis (CIA), and antipsychotic/antidepressant- induced cardiac 
arrhythmia. 

 Genetic polymorphisms are hypothesized to play a relevant role in determining 
the susceptibility to ADRs. It is estimated that genetics account for 20–95 % of vari-
ability in drug disposition and pharmacodynamics and about 50 % of adverse drug 
reactions (ADRs) in the central nervous system (CNS) disorders might be attributed 
to pharmacogenomic factors (Cacabelos et al.  2012 ). Twin studies indicate that 
genetic polymorphisms contribute 60–80 % of the variance observed in antipsychotic- 
induced weight gain (Gebhardt et al.  2010 ). 

 Some clinical applications of pharmacogenetics are already available or will 
probably be available in the near future (Table  7.1 ). Such pharmacogenetic data 
could guide drug choice and/or dose titration. Figure  7.1  represents a schema of 
current clinical-based and future genotype-clinical-based treatment choice.
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7.1.2         Pharmacogenetics in Focus 

 Approximately 0.5 % of the DNA sequence is responsible for phenotype (i.e., somatic) 
differences among humans. This difference consists in di-, tri-, and tetranucleotide 
repeats (satellite sequences) and large variants >1 kbp due to deletions, insertions, or 
duplications (copy number variants, CNV) and nucleotide substitutions. Over three 
million substitutions distinguish the individual genome, and over 80 % of them are in 
the form of single-nucleotide substitution polymorphism (SNP). Therefore, it has 
been estimated that SNPs account for over 80 % of the variability between humans, 

    Table 7.1    Recommended genotyping test for the prevention of severe psychotropic-induced 
adverse reactions (ADRs) and promising genes/polymorphisms for clinical application in the near 
future   

 Gene  Polymorphism(s)  Drug/drug class  Type of ADR 
 Comment on 
evidence 

  HLA - B   HLA- B*1502  Carbamazepine  Stevens-Johnson 
syndrome 

 Recommended in 
Asian ancestry 

  CYP2D6   Partially or totally 
inactive alleles 

 Pimozide  Arrhythmia  Recommended for 
doses >4 mg/day in 
adults and >0.05 mg/
kg/day in children 

  CYP2D6   Partially or totally 
inactive alleles 

 Polypharmacy  Overall risk of 
ADRs 

 High evidence, 
probably will be 
recommended 

  POLG   A467T, W748S  Valproate  Liver toxicity  Recommended in 
children/adolescents 

  CPS1   rs1047891  Hyperammonemia  Recommended in 
case of suspected 
urea cycle disorder 

  HLA - 
DQB1      

 6672G>C  Clozapine  Agranulocytosis  Probably will be 
recommended in the 
near future 

  HLA - B   158T  Promising 
  HTR2C   −759C/T  Antipsychotics  Metabolic ADRs  Promising 
  MC4R   rs489693  Promising 
  Leptin   −2548A/G  Promising 
  CNR1   rs806378, 

rs1049353 
 Promising 

  HTR2A   rs6311, rs6313  Antidepressants  Overall 
tolerability 

 Promising 
  SLC6A4   5-HTTLPR, 

rs25531 
 Promising 

  DRD2   rs1800497  Antipsychotics  Tardive dyskinesia  Promising 
  HTR2A   102CC, −1438GG  Promising 
  CYP2D6   Partially or totally 

inactive alleles 
 Promising 

  HSPG2   rs2445142  Parkinsonism  Promising 
  ZFPM2   rs12678719  Promising 
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including liability to ADRs (Roberts et al.  2010 ). The Human Genome Project (HGP), 
which started in 1990 and was completed in 2003, with further analysis still being 
published, has made possible to determine the sequence of chemical base pairs which 
make up DNA and to identify and map the approximately 20,000–25,000 genes of the 
human genome from both a physical standpoint and functional standpoint. 

 The largest part of available data regarding the pharmacogenetics of ADRs has 
been obtained through candidate gene studies. Candidate genes are selected on the 
basis of their biological role and polymorphisms on the basis of their functional role 
(i.e., a known impact on gene function resulting in a variation in the level/function 
of the product), tagging properties (linkage disequilibrium with near variants), or 
position (in regulatory regions). In the last decade, genome-wide association studies 
(GWAS) were introduced and have rapidly expanded, since they provide hundreds 
of thousands of variants, thanks to the array technology without the need of any a 
priori hypothesis. Obviously, GWAS have some limitations (in particular the limited 
covering of genetic polymorphisms provided by the currently available platforms 
and the common diffi culty in explaining the biological meaning of fi ndings).   

7.2     Pharmacogenetics of Antidepressant-Induced Side Effects 

 Antidepressant drugs are among the most frequently prescribed drugs worldwide. 
Selective serotonin reuptake inhibitors (SSRIs) and serotonin-noradrenaline reup-
take inhibitors (SNRIs) are usually better tolerated than fi rst-generation 

Laboratory and/or
diagnostic tests (e.g. ECG,

blood count)

Laboratory and/or
diagnostic tests (e.g. ECG,

blood count)

Genotyping

Clinical monitoring

Clinical monitoring

Switch in case of poor
response and/or
tolerability until

satisfactory outcome is
obtained (trial and error)

Expected improvement
in cost/effectiveness

Potential application of
genotype information for

other medications  involving
the same

pharmacodynamics/
pharmacokinetics

Drug and dose
selection on the

basis of the clinical
experience

Drug and dose
selection on the basis
of clinical experience

+ genotype+

1. Current approach: drug and dose are chosen according to clinical evaluation.

2. Future approach: drug and dose are chosen on the basis of clinical evaluation assisted by genotyping.

  Fig. 7.1    Schematic description of the current approach in the choice of psychotropic medications 
( 1 ) and expected future approach based on both clinical judgment and genotype information ( 2 )       
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antidepressants (tricyclic antidepressants or TCAs; inhibitors of monoamino oxi-
dase or MAOIs). Nevertheless, some patients require treatment with the latter group 
of antidepressants or are genetically predisposed to develop idiosyncratic ADRs at 
therapeutic dosages (an abnormal effect due to polymorphisms in metabolic 
enzymes or target molecules) or to have an increased risk of overdose from drug 
with a well- defi ned and wide therapeutic index. Some patients are at higher risk of 
severe ADRs because of medical comorbidities, concomitant medications, and/or 
old age. Finally, the issue of treatment-induced suicidal ideation (TESI) when pre-
scribing antidepressants led regulatory authorities to issue warnings to clinicians 
(US Food and Drug Administration  2006 ). Pharmacogenetics can provide clinically 
useful information on the safe use of antidepressant drugs, especially in patients at 
increased risk of ADRs due to individual, pharmacological, and/or environmental 
factors. 

7.2.1     Treatment-Emergent Suicidal Behavior (TESI) 

 Family studies support a genetic contribution to suicidal behavior (SB) (Brent and 
Mann  2005 ). Candidate gene studies were focused especially on serotonin-related 
genes since low central nervous system (CNS) serotonin (5-HT) turnover was dem-
onstrated in SB (Mann  2003 ). Consistently, the association of SB with variants in 
the serotonin transporter gene ( SLC6A4 ) (Li and He  2007 ) and the tryptophan 
hydroxylase 1 gene ( TPH1  that codes for the rate-limiting enzyme responsible for 
5-HT biosynthesis) (Bellivier et al.  2004 ) was supported at meta-analytic level. The 
noradrenergic system and especially the alpha 2A-adrenergic receptor gene 
( ADRA2A ) have also been implicated in SB (Escriba et al.  2004 ; Sequeira et al. 
 2004 ) with an effect that may be higher in patients treated with noradrenergic anti-
depressants and in males (Perroud et al.  2009 ). The noradrenergic system is impli-
cated in the modulation of aggressive and impulsive behaviors, and enhanced 
noradrenergic activity may have a role in treatment-emergent suicidal behavior 
(TESI). Thus, the enhanced activity or hypersensitivity of  ADRA2A  receptors may 
be associated with higher suicidal ideation during treatment with noradrenergic 
antidepressants. 

 Other candidate gene studies suggested the involvement of brain-derived neuro-
trophic factor gene ( BDNF ) and the gene coding for its receptor, the neurotrophic 
tyrosine kinase receptor type 2 ( NTRK2 ) (Perroud et al.  2008 ). These genes are 
involved in the regulation and growth of 5-HT neurons and are mediators of neural 
plasticity in response to acute and chronic stress. The cyclic adenosine monophos-
phate (cAMP) response element binding ( CREB1 ) protein gene is involved in the 
regulation of  BDNF  expression, and it has also been associated with TESI (Perlis 
et al.  2007 ). 

 In addition to dysregulation in the monoaminergic and neurotrophic systems, the 
hypothalamic-pituitary-adrenal (HPA) axis and infl ammatory pathways have been 
also proposed as modulators of TESI. Indeed, altered sensitivity to glucocorticoids 
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and increase in proinfl ammatory cytokines were demonstrated in depression and 
particularly in suicide victims. BDNF and 5-HT positively modulate neurogenesis 
in the hippocampus (a pivotal area involved in depression pathogenesis), and the 
hippocampus in turn regulates HPA axis function and response to stress. In depressed 
subjects, hippocampal atrophy (due to reduced cell proliferation, cell survival, and 
cell differentiation) promotes impaired regulation of HPA axis activity (Mahar et al. 
 2014 ). FK506-binding protein 5 ( FKBP5 ) gene, which codes for a protein that 
decreases the sensitivity of the glucocorticoid receptor to the effect of corticoste-
roids, was suggested as a modulator of TESI (Mandelli and Serretti  2013 ). 

 The role of glutamate in modulating mood and antidepressant response has been 
increasingly recognized, due to observations that existing antidepressants modulate 
various glutamatergic pathways. Disrupted glutamatergic-noradrenergic interac-
tions at the level of the stress-sensitive locus coeruleus (LC) were demonstrated in 
depression and suicide victims (Chandley et al.  2014 ). Accordingly, polymorphisms 
in glutamate receptor genes  GRIK2  and  GRIA3  were associated with TESI during 
SSRI treatment (Laje et al.  2007 ). 

 Genome-wide association studies (GWAS) did not report the above genes among 
their top fi ndings but outlined other genes that may involved in TESI. Associations 
were found for genetic variants within the loci encoding papilin ( PAPLN ) and IL-28 
α-receptor ( IL28RA ) genes (Laje et al.  2009 ) and in the vicinity of the guanine 
deaminase ( GDA ) gene (Perroud et al.  2012 ).  IL28RA  encodes a cytokine receptor, 
while papilin is involved in the regulation of extracellular matrix remodeling, a 
process that affects the release of bioactive fragments that function as immune mod-
ulators (Korpos et al.  2009 ). The involvement of these genes in TESI is therefore 
consistent with the infl ammation theory of depression and SB. On the other hand, 
 GDA  encodes an enzyme responsible for the hydrolytic deamination of guanine and 
is probably involved in microtubule assembly. No clear biological rationale links 
this gene to TESI. A recent development of GWAS is based on multimarker analy-
ses given the hypothesis that multiple genetic variants contribute to complex pheno-
types such as TESI. A cluster of 79 SNPs demonstrated a 94 % probability of 
predicting the nonoccurrence of TESI (negative predictive value), even with only a 
48 % probability of correctly identifying TESI (positive predictive value) (Menke 
et al.  2012 ), but with no confi rmation of this fi nding so far. 

 Given the complex and multifactorial pathogenesis of TESI, it seems unlikely 
that genotyping could be able to prevent it adequately.  

7.2.2     Cardiovascular Side Effects 

 Tricyclic antidepressants (TCAs) have a higher risk of cardiovascular side effects 
compared to other antidepressants, even in patients with no previous cardiovascular 
disease (Pacher and Kecskemeti  2004 ). The most common among such side effects 
is the slowing of intraventricular conduction, manifested by prolonged PR, QRS, 
and QT intervals on the standard ECG, and orthostatic hypotension. TCAs have 
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been demonstrated to exert I/A class antiarrhythmic effects and antinoradrenergic 
and anticholinergic effects that are responsible for their cardiovascular ADRs. 

 The identifi cation of genetic polymorphisms predicting the risk of intraventricu-
lar conduction alterations induced by antidepressants could help clinicians to pre-
vent life-threatening side effects. So far, a number of genes have been associated 
with arrhythmia:  SCN5A ,  SCN4B ,  CACNL1AC ,  KCNH2 ,  KCNQ1 ,  KCNE1 ,  ANK2 , 
 ALG10 ,  KCNJ2 ,  KCNE2 ,  RYR2 ,  KCND3 ,  KCND2 ,  ACE ,  NOS1AP ,  CASQ2 , and 
 Rad  (Drago et al.  2008 ). These genes are good candidates for the defi nition of a 
genetic proarrhythmic profi le, but evidence is still lacking for antidepressant drugs. 

 Changes in systemic blood pressure are possible especially during treatment 
with antidepressants that affect the activity of the noradrenergic system (norepi-
nephrine (NE) reuptake, transport, and elimination from the synapse). Blood pres-
sure changes are mediated through the autonomic nervous system in part by the 
neurotransmitter NE. Selective NE transporter (NET) blockade creates a phenotype 
that resembles idiopathic orthostatic intolerance (Schroeder et al.  2002 ), but the 
gene encoding this transporter ( SLC6A2 ) was very marginally associated with blood 
pressure changes during treatment with duloxetine (an SNRI antidepressant drug). 
Other noradrenergic genes ( ADRB2 , coding for the adrenergic beta 2 receptor, and 
 COMT , encoding the main enzyme involved in NE metabolism) do not apparently 
play a role in the risk of blood pressure changes during treatment with duloxetine 
(Fijal et al.  2013 ). In addition, 5-HT binding to the serotonin-2A receptor has been 
associated with vasoconstriction and hypertension, and  HTR2A  gene has consis-
tently been associated with essential hypertension in women (Liolitsa et al.  2001 ). 
Nevertheless, evidence suggesting an effect of this gene on blood pressure increase 
during treatment with duloxetine appears limited (Fijal et al.  2013 ). 

 The SSRIs fl uoxetine and paroxetine demonstrated a relatively high receptor 
affi nity for adrenergic beta receptors in vitro, suggesting an increased propensity of 
affecting cardiovascular parameters compared to other SSRIs. Interestingly, a poly-
morphism in the gene encoding the adrenergic beta 1 receptor ( ADRB1 ) was found 
to modulate blood pressure and heart rate values in patients treated with these 
 antidepressants (Thomas et al.  2010 ), but the potential clinical impact of this appears 
to be limited. 

 Finally, a group of clinically relevant side effects affecting the cardiovascular 
system are hemorrhagic complications, whose risk is increased during treatment 
with SSRI antidepressants, especially in some at-risk conditions (e.g., concomitant 
treatment with anticoagulant or antiaggregant drugs and surgery). 5-HT is a strong 
vasoconstrictor and a relatively weak platelet activator. At rest, 5-HT is stored in 
platelets, but after platelet activation, it is released into the circulation, together with 
other aggregating factors such as adenosine diphosphate (ADP) and adrenaline, and 
it acts as a stimulus for platelet aggregation. The 5-HT transporter is present on 
platelet surface and is necessary to transport 5-HT into the platelet, since platelets 
themselves do not produce 5-HT but are dependent on its uptake from the blood. 
Thus, blockade of the 5-HT transporter with an SSRI leads to a lower concentration 
of 5-HT in the platelet. Given this mechanisms,  SLC6A4  gene (encoding the 5-HT 
transporter) appears to be an optimal candidate for affecting the risk of bleeding 
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during SSRI treatment. An insertion/deletion polymorphism (named 5-HTTLPR) in 
the promoter region of  SLC6A4  showing two variant alleles (a short (S) allele and a 
long (L) allele) has been particularly studied since the S variant is associated with a 
nearly 50 % reduction in basal expression of the 5-HT transporter (Heils et al. 
 1996 ). Despite the interesting functional impact of this polymorphism, the available 
knowledge does not suggest any major impact of this variant on platelet function 
(Abdelmalik et al.  2008 ; Hougardy et al.  2008 ). 

 In conclusion, no genetic variants are known to signifi cantly affect the risk of 
cardiovascular side effects during antidepressant treatment, but very few studies 
were focused on this topic. The identifi cation of polymorphisms affecting the risk of 
proarrhythmic effects appears to be the most relevant issue under the clinical point 
of view.  

7.2.3     Weight Gain, Sexual Dysfunction, and Other Side Effects 

 Sexual dysfunction, weight gain, and gastrointestinal side effects (dry mouth, con-
stipation, diarrhea, and nausea) are the most frequent side effects induced by antide-
pressant drugs and thus the most frequently responsible for early treatment 
discontinuation. On the other hand, antidepressant-related hyponatremia is a rela-
tively rare but potentially fatal antidepressant-induced ADR. 

 Some polymorphisms (5-HTTLPR, rs25531, intron 2 VNTR, or STin2) of the 
5-HT transporter gene ( SLC6A4 ) have been repeatedly investigated for association 
with the overall risk of antidepressant-induced side effects. Available evidence 
mainly suggests that carriers of the 5-HTTLPR/rs25531 short alleles show lower 
treatment tolerability while STin2 probably does not exert a signifi cant infl uence on 
this phenotype (Garfi eld et al.  2014 ; Fabbri et al.  2013 ).  HTR1A  rs6295 and  HTR2A  
rs6311/rs6313 are also promising variants that contribute to individual antidepres-
sant tolerability (Fabbri et al.  2013 ; Garfi eld et al.  2014 ). 

 Weight gain is a quite common side effect of treatment with antidepressant drugs. 
Genes pertaining to the serotonergic system have been particularly investigated in 
relation to this ADR, since 5-HT has been implicated in the control of eating behav-
ior and body weight by hypothalamic serotonergic receptor mechanisms (De Vry 
and Schreiber  2000 ).  HTR2C  gene (coding for 5-HT2C receptor) was proposed as a 
modulator of the risk of weight gain during both antidepressant and antipsychotic 
therapies (Altar et al.  2013 ). The stimulation of hypothalamic 5-HT2C receptors 
leads to a behaviorally specifi c hypophagic effect by accelerating satiety processes 
(De Vry and Schreiber  2000 ), providing a biological rationale that supports the 
pharmacogenetic fi nding. 

 Catechol-O-methyltransferase ( COMT ) and tryptophan hydroxylase type I 
( TPH1 ) encode pivotal enzymes in the catabolism and synthesis of 5-HT, respec-
tively.  COMT  rs4680 and  TPH1  rs18532 were demonstrated to modulate the risk of 
weight gain during antidepressant treatment independently from age and gender 
(Secher et al.  2009 ).  GNB3  (that encodes the β3 subunit of the G protein complex) 
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is involved in the downstream signaling cascade following monoamine receptor 
activation. A functional polymorphism in this gene (C825T) was associated with the 
improvement of neurovegetative symptoms of depression during treatment, and the 
TT genotype was found to be a predictor of greater weight gain during treatment 
with nortriptyline (a drug of the TCA class) (Keers et al.  2011 ). 

  ADRA2A  gene (encoding adrenergic α2 receptor) is a primary target of mirtazap-
ine, a noradrenergic and specifi c serotonergic antidepressant (NaSSA). Mirtazapine 
is more likely to cause weight gain or increased appetite compared to SSRIs or 
SNRIs (Watanabe et al.  2011 ; Lee et al.  2009 ); thus the effect of  ADRA2A -1291C/G 
polymorphism on the risk of weight gain during treatment with this antidepressant 
should be investigated further. 

 Sexual dysfunction in patients with major depression may be triggered or exac-
erbated by treatment with antidepressants (especially SSRIs, TCAs, and venlafax-
ine), with a prevalence of up to 50–70 % (Fava and Rankin  2002 ). Serotonergic, 
dopaminergic, noradrenergic, and glutamatergic systems are those primarily 
hypothesized to be involved in the pathogenesis of this ADR. In general, reduction 
of 5-HT function facilitates, whereas enhancement inhibits, sexual behavior, with 
the 5-HT transporter, 5-HT1A, 5-HT1B, 5-HT2A/B, and 5-HT7 receptors being the 
primary molecular players involved (Olivier et al.  2011 ). Furthermore, the blockade 
of 5-HT transporters may decrease the concentrations of dopamine and noradrena-
line in the mesolimbic system by activating serotonin 5-HT2C receptors (Strohmaier 
et al.  2011 ); these two neurotransmitters play a role in the modulation of sexual 
arousal and sexual motivation. Indeed, dopamine antagonists inhibit copulation 
among male rats, whereas agonists have the opposite (facilitating) effect. Similar 
effects were demonstrated also for glutamate antagonists and agonists, respectively 
(Dominguez et al.  2006 ; Dominguez and Hull  2005 ). 

 The promoter polymorphism 5-HTTLPR rs25531 of the 5-HT transporter gene 
( SLC6A4 ) has been investigated as predictor of antidepressant-induced sexual dys-
function. Results suggested a higher risk in high-expressing genotypes (long alleles) 
of the polymorphism (Garfi eld et al.  2014 ), and the effect appears to be dependent 
on age (Strohmaier et al.  2011 ).  HTR1A  and  HTR2A  genes may also contribute to 
the development of this ADR (Garfi eld et al.  2014 ; Bishop et al.  2006 ). 

 Consistently with the involvement of glutamate in the modulation of sexual behav-
ior, in SSRI-treated patients, multiple genes encoding glutamatergic receptors were 
associated with a decrease in libido ( GRIA3  and  GRIK2 ), diffi culty achieving orgasm 
( GRIA1 ), and diffi culty developing an erection ( GRIN3A ) (Perlis et al.  2009 ). 
Currently, no data are available on the contribution of polymorphisms in noradrener-
gic and dopaminergic genes to the risk of antidepressant-induced sexual dysfunction. 

 Gastrointestinal ADRs are sometimes disabling side effects that usually emerge 
in the initial phases of antidepressant treatment. Variants in genes belonging to the 
serotonergic system were the most studied in relation to these ADRs, since 80 % of 
the body 5-HT stores are located in enterochromaffi n cells of the gut and serotonin 
plays a central role in the regulation of motility and secreting activity of the gastro-
intestinal tract.  HTR3B  gene was associated with paroxetine-induced gastrointesti-
nal side effects (Tanaka et al.  2008 ; Sugai et al.  2006 ), and  HTR2A  was shown to 
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exert a synergistic effect with  CYP2D6  gene polymorphisms in the prediction of 
fl uvoxamine-induced gastrointestinal side effects (Suzuki et al.  2006 ).  CYP2D6  
gene was associated also with venlafaxine (a SNRI)-induced gastrointestinal ADRs 
(Shams et al.  2006 ) and with broad antidepressant-induced ADRs (Rau et al.  2004 ). 
Polymorphisms in genes encoding cytochrome P450 enzymes (CYP450) are 
responsible for variations in drug metabolizing rapidity, including antidepressant 
drugs. Consequently, genetic variations in CYP450 genes could infl uence the occur-
rence of several ADRs, including the risk of overdose; this issue is discussed in the 
section “Toxicity from Overdose.” P-glycoprotein (P-gp), an ATP-driven effl ux 
pump that regulates the uptake of drugs through organ barriers, is another protein 
infl uencing the pharmacokinetics of antidepressants through the regulation of drug 
distribution in the body. Polymorphisms in the gene coding for this transporting 
protein ( ABCB1 ) may infl uence gastrointestinal complaints and sexual side effects 
during antidepressant therapy (de Klerk et al.  2013 ). 

 Hyponatremia is a potentially fatal side effect of antidepressant drugs. It occurs 
in one in 200 elderly patients per year receiving fl uoxetine and paroxetine, two com-
monly used SSRIs (Wilkinson et al.  1999 ). There is little pharmacogenetic evidence 
with regard to this ADR, but lower mean serum sodium concentrations were shown 
to be present in  CYP2D6  poor metabolizers (PMs) in comparison with  CYP2D6  
extensive metabolizers (EMs). As a result,  CYP2D6  PMs might be at increased risk 
of developing hyponatremia (Kwadijk-de Gijsel et al.  2009 ). 

 GWAS did not outlined particularly interesting fi ndings for any of the above 
ADRs, but different genes were proposed as putative candidates compared to candi-
date gene studies.  SACM1L  (coding for the phosphatidylinositide phosphatase 
SAC1) gene was associated with bupropion-induced sexual dysfunction, even though 
this antidepressant is not commonly responsible for this ADR, resulting in limited 
clinical utility. SAC1 is an integral membrane protein of the endoplasmic reticulum 
and the Golgi apparatus that plays a direct role in growth factor signaling; thus alter-
ations in the activity of this enzyme may lead to disruptions in the cellular secretory 
machinery and hormone-neurotransmitter secretion, with possible consequences on 
sexual functioning (Clark et al.  2012 ). A later extension of the study by Clark et al. 
suggested that  EMID2  (EMI domain containing 2) gene may affect SSRI-induced 
vision/hearing side effects,  LAMA1  (laminin, alpha 1) gene and the rs16965962 SNP 
(in a gene desert on chromosome 7) may infl uence overall SSRI tolerability, while 
 AOX2P  gene may be related with dizziness.  EMID2  encodes the protein collagen α-1 
chain that is involved in the regulation of corneal collagen fi brillogenesis (Rada et al. 
 1993 ). On the other hand, for  LAMA1  and  AOX2P , it is not so easy to hypothesize a 
biological rationale explaining the reported GWAS fi ndings.  

7.2.4     Toxicity from Overdose 

 The risk of overdose from antidepressant drugs was reduced signifi cantly after the 
introduction of SSRIs and SNRIs compared to earlier antidepressants (TCAs and 
MAOIs). Despite the reduction of life-threatening reactions, 5-HT toxicity can still 
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result from serotonin excess in the CNS from serotonergic drugs. Serotonin syn-
drome is a potentially life-threatening condition characterized by myoclonus, 
hyperrefl exia, sweating, shivering, incoordination, and mental status changes. 
Furthermore, the risk of cardiac arrhythmia is another potentially fatal manifesta-
tion following overdose especially from TCAs but possibly also from venlafaxine 
and IMAOs. 

 The genetic variants that were hypothesized to infl uence the risk and severity of 
overdose symptoms are mainly those in genes coding for CYP450 enzymes and 
P-glycoprotein (P-gp) gene ( ABCB1 ), the products of which are involved in the 
distribution and metabolism of antidepressant drugs. 

  CYP2D6  and  CYP2C19  encode the P450 isoenzymes that are mostly involved in 
antidepressant metabolism. The level of CYP enzyme activity is dependent on 
genetic polymorphisms and allows the distinction of different metabolizing groups. 
The wild-type genotype results in extensive metabolizers (EM), while the interme-
diate metabolizer (IM) is characterized by the presence of one wild-type allele plus 
a partially or totally defective allele. Poor metabolizers (PMs) have a combination 
of two partially or totally defective alleles, and the ultrarapid metabolizer (UM) 
category exists only for  CYP2D6  and is usually due to multiple copies of normal 
alleles. 

 The available evidence suggests that  CYP2D6  PMs have lower tolerance to 
TCAs as well as to venlafaxine (a SNRI drug), whereas they have an average 
tolerance to other antidepressants. Based on literature,  CYP2D6  PMs are 
expected to have a concentration-to-dose ratio (C:D ratio) of 4–6 for TCAs, 
whereas CYP2D6 EMs are expected to have a C:D ratio of 0.5–1.5. Dose adjust-
ments for different metabolizing groups were calculated, even if prospective 
validations should be performed before routine clinical application (Porcelli 
et al.  2011 ). Polypharmacy is likely to represent a valid indication for  CYP2D6  
genotyping to minimize the risk of toxicity from drug-drug interactions in PMs 
(Laje  2013 ). 

 Finally, P-gp limits drug uptake into key organs such as the brain, and fatal intox-
ication from venlafaxine overdose was associated with C1236T and C3435T poly-
morphisms in  ABCB1  gene (Karlsson et al.  2013 ).   

7.3     Pharmacogenetics of Antipsychotic-Induced Side Effects 

 Antipsychotic drugs are the mainstay of treatment for schizophrenia and related 
disorder and have improved schizophrenia prognosis signifi cantly since their intro-
duction in the 1950s. In recent years, the use of second-generation antipsychotics 
(SGAPs) has been indicated also for the treatment of several phases of bipolar dis-
order or augmentation in major depressive disorder with benefi ts being seen espe-
cially in more severe cases. Both fi rst-generation antipsychotics (FGAPs) and 
SGAPs carry the risk of severe and sometimes debilitating ADRs, whose clinical 
relevance has been increased in proportion with the expansion of their clinical use 
in terms of increasing indications and treatment duration. 
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7.3.1     Antipsychotic-Induced Weight Gain 

 Weight gain is a major health problem encountered during treatment with antipsychot-
ics especially SGAPs due to a high risk of obesity and other metabolic conditions 
(Dickerson et al.  2006 ). Weight gain is associated with signifi cant variability among 
individuals, and genetic factors play an important role, estimated to be around 60–80 % 
through twin and family studies (Gebhardt et al.  2010 ). Given that cardiovascular dis-
ease is the primary cause of excess of mortality among severe psychiatric diseases 
(Osborn et al.  2007 ), the identifi cation of genetic predictors of antipsychotic metabolic 
ADRs could be a turning point in the treatment of schizophrenia and bipolar disorder. 

 Several pharmacogenetic studies have investigated the genes that could infl uence 
antipsychotic-induced weight gain (AIWG), with focus mainly on homeostatic reg-
ulators expressed in hypothalamic areas that belong to the complex network that 
regulates appetite and satiety. 

 The most replicated pharmacogenetic association is the serotonergic receptor 
5-HTC2 ( HTR2C ) gene that is responsible for 5-HT central anorexigenic action on 
the hypothalamic nuclei. Consistently, antagonists of 5-HTC2 receptors, such as 
clozapine and olanzapine, promote appetite increase (Bonhaus et al.  1997 ). Carriers 
of the minor T allele of the promoter polymorphism −759C/T appear to be protected 
from substantial gain in weight (Sicard et al.  2010 ). 

 Leptin and melanocortin receptor 4 ( MC4R ) are other essential components of 
one of the most important hypothalamic satiety signals. Leptin is mainly  synthesized 
in the adipocytes of white adipose tissue and activates leptin receptors in the arcuate 
nucleus of the hypothalamus, resulting in a feeling of satiety. The  leptin - 2548A /G 
polymorphism may interact with the  HTR2C  −759C/T variant in affecting AIWG 
(Reynolds  2012 ). Neurons of the arcuate nucleus also express  MC4R , activation of 
which decreases food intake while elevating energy utilization (Fani et al.  2014 ). 
This gene has been consistently associated with AIWG by four independent studies 
(Shams and Muller  2014 ). 

 Cannabinoid receptor 1 ( CNR1 ) gene and the fatty acid amide hydrolase ( FAAH ) 
gene have been suggested as genetic factors involved in AIWG (Shams and Muller 
 2014 ), consistently with the observation that they play an important role in the 
mediation of leptin anorexigenic action. Some SNPs within  CNR1  in particular pro-
vided encouraging fi ndings. 

 Other candidate genes provided less convincing evidence for an association with 
AIWG, among them being ghrelin ( GHRL ) and neuropeptide Y ( NPY ), which act as 
antagonists of the leptin-induced satiety signal, other hypothalamic neuroendocrine 
regulators ( FTO  and  PMCH  genes), and histamine receptor 1 ( HRH1  gene, consis-
tently to the observation that central histaminergic transmission contributes to the 
modulation of the motivational aspect of appetite and physical activity (Torrealba 
et al.  2012 )). The T allele of  GNB3 C825T polymorphism was considered to be par-
ticularly interesting since it is associated with a G protein β3 splice variant and 
previously described associated with obesity in several ethnic groups. Nevertheless, 
the available evidence mainly does not support the involvement of this variant in 
AIWG (Souza et al.  2008 ). Furthermore, polymorphisms in AMP-activated protein 
kinase ( AMPK  gene, a central molecule integrating nutrient and hormonal signals to 
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maintain energy homeostasis), relaxin-3 ( RLN3 , a member of the insulin/relaxin 
pathway) and its receptors ( RXFP3  and  RXFP4 ), tumor necrosis factor-α ( TNF - a , a 
proinfl ammatory cytokine), and methylenetetrahydrofolate reductase (encoded by 
 MTHFR , involved in nuclear methylation and gene expression regulation) were sug-
gested to modulate AIWG (Muller et al.  2013 ; Kao and Muller  2013 ). 

 A GWAS was aimed to identify genetic risk factors for metabolic side effects in 
patients treated with psychopharmacological medications (Athanasiu et al.  2012 ). 
SNP rs7838490 (8q21.3 region) was associated with BMI alterations, while 
rs11615724 (12q21) was associated with the effect of medications on decreasing 
HDL-C levels. Both markers are in intergenic regions. rs7838490 is located 
upstream of the gene matrix metalloproteinase 16 ( MMP16 ), and it may regulate the 
expression of  MMP16  and affect tumor necrosis factor receptor superfamily, mem-
ber 1A ( sTNFRSF1A ), which may be involved in lipid regulation.  

7.3.2     Antipsychotic-Induced Extrapyramidal Side Effects 

 The greater part of pharmacogenetic studies focused on genetic risk factors of 
antipsychotic- induced tardive dyskinesia, the most severe among extrapyramidal 
side effects (EPS) due to its tendency to persist over time, its treatment resistance, 
and its high frequency (around 20 % of patients after prolonged treatment (Kane 
et al.  1988 )). Genes are hypothesized to be a relevant factor in the risk of tardive 
dyskinesia, as suggested by increased risk of tardive dyskinesia in affected families 
(Muller et al.  2013 ). Genes that infl uence the pharmacokinetics, pharmacodynam-
ics, and oxidative stress associated with antipsychotics have been studied for tardive 
dyskinesia risk. In particular, the gene coding for the dopamine receptor 2 ( DRD2 ), 
one of the main targets of antipsychotics (especially for those drugs with a higher 
risk of inducing this ADR), was suggested to be involved in the risk of this EPS by 
various independent studies (especially the Taq1A polymorphism or rs1800497). 
The minor (T) Taq1A allele has been associated with a 40 % reduction in striatal D2 
receptor density (according to in vitro assays and in vivo imaging studies); this 
allele appears to be protective against tardive dyskinesia (Lencz and Malhotra 
 2009 ).  DRD2  may also be implicated in the risk of akathisia, even though only pre-
liminary evidence is available (Muller et al.  2013 ). A functional missense mutation 
in dopamine 3 receptor ( DRD3 , another target of antipsychotics) gene (ser9gly or 
rs6280) has been suggested to modulate the risk of tardive dyskinesia, but meta- 
analytic results did not support this hypothesis (Tsai et al.  2010 ). 5-HT2A receptor 
( HTR2A ) gene is a target of atypical antipsychotics, and it has been implicated in 
their reduced extrapyramidal side effect profi le (Meltzer  2012 ).  HTR2A  gene has 
also been associated with tardive dyskinesia susceptibility by several candidate 
gene studies (Segman et al.  2001 ; Gunes et al.  2007 ; Wilffert et al.  2009 ). 

 The highly polymorphic gene  CYP2D6  is responsible for the hepatic metabolism 
of several commonly prescribed antipsychotics.  CYP2D6  poor metabolizer status 
(homozygosity for null alleles) or intermediate metabolizer status (null allele het-
erozygosity) were associated with 1.64- and 1.43-fold greater odds of developing 
tardive dyskinesia on the basis of literature meta-analysis (Patsopoulos et al.  2005 ). 

7 The Role of Pharmacogenetics in Pharmacovigilance of Psychotropic Drugs



134

 Other genes were investigated in relation to antipsychotic-induced EPS, among 
which were the glutamate receptor  GRIN2A ,  BDNF ,  TNF - a  (Muller et al.  2013 ), and 
 SOD2  (Lencz and Malhotra  2009 ).  SOD2  encodes for manganese superoxide dis-
mutase, a mitochondrial enzyme involved in oxidative metabolism.  SOD2  and  TNF -
 a  may be involved in the risk of tardive dyskinesia through neuron oxidative stress. 

 GWAS results shed light on the potential contribution of different genes to 
antipsychotic- induced tardive dyskinesia. In particular, the gamma-aminobutyric 
acid (GABA) receptor signaling pathway (especially  SLC6A11 ,  GABRB2 , and 
 GABRG3  genes) may be involved in genetic susceptibility to treatment-resistant 
tardive dyskinesia in Asian populations (Inada et al.  2008 ). On the other hand, the 
involvement of  HSPG2  gene (coding for the heparan sulfate proteoglycan 2) was 
suggested by independent GWAS on both Asian (Syu et al.  2010 ) and Caucasian 
(Greenbaum et al.  2012a ) populations, thus representing the strongest candidate 
outlined by GWAS. This pharmacogenomic fi nding was supported by an increase in 
 HSPG2  expression in subjects with lower risk of developing tardive dyskinesia, 
which may exert a protective effect via a cholinergic or basic fi broblast growth fac-
tor (FGF2)-mediated neuroprotective mechanism. 

 Some data are available also for other types of EPS. A GWAS investigating 
antipsychotic- induced Parkinsonism (Alkelai et al.  2009 ) has been replicated 
(Greenbaum et al.  2012b ) supporting a role of the rs12678719 SNP in the zinc fi n-
ger protein multitype 2 ( ZFPM2 ) gene, especially in patients of African ancestry. 
The risk allele (G) was associated with lower FP-CIT uptake, which is indicative of 
a higher degree of nigrostriatal terminal degeneration, in Parkinson disease subjects 
as assessed by SPECT (Greenbaum et al.  2012b ). Interestingly, another gene coding 
for a zinc fi nger protein ( ZNF202 ) was associated with the development of abnor-
mal movements during antipsychotic treatment (Aberg et al.  2010 ). The  ZNF202  is 
a transcriptional repressor controlling, among other genes,  PLP1 , which is the 
major protein expressed in myelin. Mutations in  PLP1  can determine the develop-
ment of parkinsonism (Willard and Riordan  1985 ).  

7.3.3     Neuroleptic Malignant Syndrome, Clozapine-Induced 
Agranulocytosis, and Antipsychotic-Induced QT 
Prolongation 

 Neuroleptic malignant syndrome (NMS) is a severe complication of treatment with 
antipsychotic drugs. Initial reports of familial clustering of NMS have suggested a 
genetic basis. As a result, some pharmacogenetic case-control association studies 
were performed in Japanese populations which were mainly focused on  CYP2D6  
and  DRD2  polymorphisms, though with inconsistent fi ndings (Ferentinos and 
Dikeos  2012 ). Further pharmacogenetic studies should be performed to elucidate 
the genetic contribution to NMS. 

 Clozapine-induced agranulocytosis (CIA) is a rare (incidence 0.8 %) but poten-
tially fatal ADR of clozapine, which limits its use in treatment-resistant schizophre-
nia. Several pharmacogenetic case-control studies focused on CIA have produced 
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inconsistent fi ndings, mainly regarding the major histocompatibility complex 
(MHC) region (including human leukocyte antigen (HLA) class I, II, and III loci 
and some non-HLA genes), as well as a few non-MHC genes. HLA-DQB1 poly-
morphisms have been the ones most consistently associated with CIA (Ferentinos 
and Dikeos  2012 ; Goldstein et al.  2014 ). Among them, a SNP (6672G>C) was 
found to confer a 16.9 times increased risk of CIA. A commercial test using this 
variant was marketed in 2007, but its clinical application is limited by its low sensi-
tivity and low predictive validity (Ferentinos and Dikeos  2012 ). 

 The risk of sudden death for patients receiving antipsychotics has been estimated 
to be 2.4 times the risk of untreated controls (Ray et al.  2001 ). This increased risk is 
partly attributable to antipsychotic drugs causing QT prolongation (e.g., pimozide, 
thioridazine, sertindole, and haloperidol). Genetic research on the QT interval has 
initially identifi ed several rare variants which cause congenital Mendelian QT syn-
dromes (long QT and short QT syndromes), both increasing the risk of syncope and 
sudden death by predisposing to torsades de pointes and atrial fi brillation, 
 respectively (Hedley et al.  2009 ). Some of these rare mutations have been found in 
patients with medication-induced QT prolongation; however, only 5–15 % of per-
sons experiencing drug-induced torsades de pointes carry a mutation in one of the 
genes associated with hereditary long QT syndrome (Paulussen et al.  2004 ). 

 Two recent GWAS of antipsychotic-induced QT prolongation have identifi ed 
potentially involved polymorphisms in several genes, including those coding for 
ceramide kinase-like protein ( CERKL ), solute carrier organic anion transporter 3A1 
( SLCO3A1 ), paladin ( PALLD ), solute carrier family 22, member 23 ( SLC22A23 ), 
nucleotide-binding protein-like ( NUBPL ) gene, and nitric oxide synthase 1 adaptor 
protein ( NOS1AP ) gene (the most frequently replicated candidate gene for 
QT-interval variation in the general population) (Ferentinos and Dikeos  2012 ). 
These fi ndings suggest that some of the genes mediating antipsychotic-induced QT 
prolongation are unique, whereas others partially overlap with the genes affecting 
normal QT-interval variation. 

 Finally, given that pimozide is one of the highest-risk antipsychotics regarding 
proarrhythmic effects, the impact of  CYP2D6  (the CYP450 isoform mainly involved 
in its metabolism) genotype on pimozide exposure was investigated. Dose-ranging 
analyses revealed  CYP2D6  poor metabolizers should not receive more than 4 mg 
daily to avoid plasma concentrations in excess of those observed in extensive 
metabolizer and intermediate metabolizer receiving 10 mg daily. Thus,  CYP2D6  
genotyping is now recommended in the pimozide product label before exceeding 
4 mg of pimozide daily in adults or 0.05 mg/kg/day in children (Rogers et al.  2012 ).  

7.3.4     Prolactin Elevation 

 Few pharmacogenetic studies have investigated this frequent antipsychotic side 
effect, occurring in 80–90 % of all female subjects treated with the highest-risk 
drugs, i.e., risperidone, amisulpride, and sulpiride (Peuskens et al.  2014 ), and the 
conclusions from such studies is unclear. Dopamine D2 receptor gene ( DRD2 ) is an 
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attractive candidate, given that dopamine 2 antagonism plays an important role in 
the increase in prolactin via the tuberoinfundibular pathway. The  DRD2 Taq1A 
polymorphism was associated with increased risk for hyperprolactinemia by four 
independent studies, but confl icting negative results also exist (Lencz and Malhotra 
 2009 ). The gene coding for the cytochrome P450 2D6 ( CYP2D6 ) enzyme is another 
interesting candidate explaining variation in prolactin levels after treatment with 
antipsychotic medications.  CYP2D6  metabolizer status was associated with plasma 
levels of different antipsychotic drugs such as risperidone, but no clear evidence of 
an impact on this side effect has been demonstrated (Novalbos et al.  2010 ).   

7.4     Pharmacogenetics of Mood Stabilizer-Induced Side 
Effects 

 Mood stabilizers are used primarily in the treatment of bipolar disorders (for both 
acute phase and prophylaxis), but other clinical indications include the augmentation 
of antidepressant treatment in unipolar depression and the treatment of symptoms 
such as impulsivity in severe personality disorders. Some of them (e.g., valproate, 
carbamazepine, and lamotrigine) are also indicated for the treatment of some types 
of seizure disorders. The most frequent and potentially severe side effects of these 
medications are psychological/neurological (hypersomnia, sedation, retardation, 
tremors), endocrine/metabolic (body weight gain and metabolic dysfunction, kidney 
and thyroid dysfunction for lithium, hyperammonemia for valproate), gastrointesti-
nal (nausea, abdominal pain, diarrhea, and hepatic dysfunction for valproate), hema-
tologic (leucopenia, anemia, thrombocytopenia), and teratogenic. Immune-mediated 
cutaneous hypersensitivity reactions are the most common idiosyncratic reactions to 
antiepileptic drugs such as carbamazepine and lamotrigine. These ADRs include a 
risk of potentially life-threatening Stevens-Johnson syndrome (SJS), toxic epider-
mal necrolysis (TEN), and drug-related rash with eosinophilia and systemic symp-
toms (DRESS). Unfortunately, fewer pharmacogenetic data are available for mood 
stabilizers compared to antipsychotics and antidepressants. 

7.4.1     Lithium- and Valproate-Induced Side Effects 

 Few and mainly negative pharmacogenetic fi ndings are available for lithium-related 
ADRs (e.g., Zill et al.  2003 ). Lithium has been linked to the development of primary 
hyperparathyroidism and parathyroid tumors (Dwight et al.  2002 ). The majority of 
lithium-associated parathyroid tumors were reported to be independent of classical 
chromosomal alterations associated with this type of cancer (Dwight et al.  2002 ), 
suggesting a potential specifi c genetic susceptibility. In any case, few data are avail-
able to indicate an increased risk linked to specifi c genetic mutations. 

 Regarding valproate-induced ADRs, a missense polymorphism in carbamoyl 
phosphate synthase 1 ( CPS1 ) gene (4217C>A or rs1047891) was suggested to 

A. Serretti and C. Fabbri



137

increase the risk and severity of hyperammonemia, even if drug plasmatic levels are 
within the therapeutic range (Bezinover et al.  2011 ; Janicki et al.  2013 ). In the 
Japanese population on the other hand, the association between rs1047891 and 
hyperammonemia may not be present (Inoue et al.  2014 ). 

 Valproate-induced liver impairment was related to mitochondrial DNA depletion 
and mutations in  POLG  gene that codes for the mitochondrial DNA polymerase 
gamma in pediatric patients (Pronicka et al.  2011 ; Saneto et al.  2010 ). Thus,  POLG  
gene testing has been recommended in children/adolescents since they are particu-
larly at risk of developing valproate-induced liver toxicity (FDA  2013a ). The 
involvement of  POLG  mutations in the pathogenesis of this ADR was suggested 
also by in vitro experiments on human cell lines (Stewart et al.  2010 ). Other genes 
that may be involved in the risk of valproate hepatotoxicity are those responsible for 
the metabolism of the drug. The principal pathways of valproate metabolism 
involved glucuronidation and β-oxidation and cytochrome P450 system. Glutathione 
S-transferases (GSTs) comprise a supergene family of enzymes that catalyze the 
inactivation of a variety of endogenous and exogenous products. Polymorphisms in 
 GSTM1  and  GSTT1  genes were suggested to be potential predictors of increase in 
serum gamma-glutamyltransferase in patients treated with valproate, but these are 
not necessarily markers of valproate-induced liver toxicity (Franciotta et al.  2009 ). 
In rare cases, valproic acid can be metabolized to the active and hepatotoxic metab-
olite, 4-ene-valproic acid, but it is not yet clear whether genetic variants of the 
involved enzyme ( CYP2C9 ) are responsible for this problem (Klotz  2007 ). 
Superoxide dismutase 2 (coded by the  SOD2  gene) plays a critical role in the detox-
ifi cation of mitochondrial reactive oxygen species, and SNPrs4880 (Val16Ala) was 
suggested as a modulator of valproate-induced elevation of gamma- 
glutamyltransferase (γ-GT, a hepatic and biliary enzyme) (Ogusu et al.  2014 ). 

 Twin studies suggest that genetic factors have an infl uence on the weight change 
induced by valproate (Klein et al.  2005 ). The C825T variation of  GNB3  gene was 
associated with higher plasma total cholesterol, triglyceride, leptin levels, and body 
mass index in bipolar patients treated with valproate, suggesting that T allele carri-
ers at this locus may have a lower risk of metabolic ADRs during valproate treat-
ment (Chang et al.  2010 ). The same variant in  GNB3  was also associated with 
weight gain during treatment with nortriptyline (see paragraph 2.3) and proposed as 
a modulator of AIWG (see paragraph 3.1). Unfortunately, no other pharmacoge-
netic data exist for metabolic ADRs during mood stabilizer treatment.  

7.4.2     Carbamazepine- and Lamotrigine-Induced 
Hypersensitivity Reactions 

 Severe hypersensitivity reactions (cutaneous or systemic) to carbamazepine and 
lamotrigine have a frequency that ranges between 1 and 10 per 10,000 new users 
(Zaccara et al.  2007 ). The risk of developing this type of ADR was initially associ-
ated with a genetic polymorphism in the promoter region of the proinfl ammatory 
cytokine tumor necrosis factor-alpha ( TNF - a ) and with variants in genes coding for 
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heat shock protein-70 isoforms (Franciotta et al.  2009 ). These associations were 
nevertheless not independently replicated. A breakthrough came in 2004 when a 
100 % prevalence of carbamazepine-induced SJS was reported among Han Chinese 
carriers of the human leukocyte antigen HLA-B*1502 allele, compared with a fre-
quency of this allele of only 3 % among carbamazepine-tolerant patients (Chung 
et al.  2004 ). Further case-control studies in Hong Kong Chinese and Thai popula-
tions confi rmed the strong association of HLA-B*1502 with carbamazepine-
induced SJS or TEN, but not with carbamazepine-induced maculopapular rash or 
DRESS. Ethnicity appears to play an important role in the association, since studies 
in Caucasians and in Japanese failed to identify any relationship between HLA-
B*1502 status and SJS or TEN (Franciotta et al.  2009 ). On the basis of these data, 
the US Food and Drug Administration (FDA) recommended that patients with 
ancestry from areas in which HLA-B*1502 is present (China, Thailand, Malaysia, 
Indonesia, the Philippines, Taiwan, and Vietnam) should be screened for this allele 
before starting treatment with carbamazepine. Given that over 90 % of drug-induced 
SJS/TEN occur within 2 months of starting treatment, patients who have been tak-
ing carbamazepine for at least a few months without developing severe cutaneous 
reactions are at low risk of developing SJS or TEN during continuation of treatment, 
even if they carry the HLA-B*1502 allele (FDA  2013b ). 

 Although much attention has been focused on HLA-B*1502, other HLA geno-
types were investigated as potential predictors of cutaneous reactions. In a Chinese 
population, maculopapular reactions to carbamazepine were associated with SNPs 
in the HLA-E region and with the HLA-A*3101 allele, whereas DRESS was associ-
ated with polymorphisms in motilin ( MLN ) gene that is located in the MHC class II 
terminal region (Hung et al.  2006 ). In Caucasians, the HLA-B*0702 allele has been 
found to be potentially protective against severe carbamazepine-induced hypersen-
sitivity, while the HLA-B*38 allele was identifi ed as a possible risk factor for 
lamotrigine-induced SJS or TEN (Franciotta et al.  2009 ).   

7.5     Conclusion 

 Current knowledge of the genetic factors involved in the risk of adverse drug reac-
tions (ADRs) during treatment with psychotropic drugs is often not univocal, and 
clinical applications are still rare. Twin and family studies indicate a genetic contri-
bution of about 50 % to the overall risk of ADRs in CNS disorders (Cacabelos et al. 
 2012 ) and a contribution varying from 60 % to 80 % for a clinically relevant ADR 
such as antipsychotic-induced weight gain (Gebhardt et al.  2010 ). As with other 
complex phenotypes, pharmacogenetic studies often failed to detect polymorphisms 
with the expected effect sizes, possibly due to confounders such as gene-gene or 
gene-environment interactions, heterogeneity in ancestry, and age. Despite a num-
ber of preliminary/unconfi rmed fi ndings, some pharmacogenetic fi ndings are quite 
promising for future clinical applications, and a limited number have been already 
recommended for use in clinical practice (Table  7.1 ). Testing for HLA-B*1502 
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when using carbamazepine in Asian populations to prevent Stevens-Johnson syn-
drome,  CYP2D6  when using pimozide,  POLG  in children/adolescents treated with 
valproate, and  CPS1  before prescribing valproate in case of suspected urea cycle 
disorder is included in the latter group. 

 The fi rst studies evaluating the benefi ts of clinical pharmacogenetic testing were 
performed, with promising results. Preliminary estimates in a simulated trial indi-
cated that  SLC6A4  genetic testing may improve antidepressant tolerability in terms 
of quality-adjusted life weeks and incremental cost/effectiveness ratio in patients 
suffering from at least two depressive episodes (Serretti et al.  2011 ). In patients with 
depressive/anxiety disorders treated with antidepressant or antipsychotic drugs, a 
genetic test (GeneSight) for variations in cytochrome P450 genes ( CYP2D6 , 
 CYP2C19 ,  CYP2C9 , and  CYP1A2 ), serotonin transporter gene ( SLC6A4 ), and sero-
tonin 2A receptor gene ( 5HTR2A ) was used to distinguish between them in three 
categories according to the predicted outcome. Patients that were classifi ed in the 
“red” group (medication status “use with caution and frequent monitoring”) had 
69 % more total health care visits, 67 % more general medical visits, over threefold 
more medical absence days, and over fourfold more disability claims than subjects 
taking drugs categorized in the “green” group (“use as directed”) or “yellow” group 
(“use with caution”). The result is attributable to increased side effects and poor 
outcome in the “red” group (Winner et al.  2013 ). 

 A better defi nition of relevant genes and polymorphisms with the subsequent 
production of targeted genetic chips represents a fundamental step for future devel-
opments in this fi eld. Evidence regarding genetic test cost/benefi t ratio and specifi c 
clinical indications for genotyping should be provided through randomized trials. 
The benefi t deriving from genotype information to guide the choice of different 
medications prescribed to the patient lifelong should be considered. 

 On the basis of the results provided by existing studies and current clinical appli-
cations for a number of commercialized drugs (pharmacogenetic test information is 
currently included in over 200 drug labels among those approved in the United 
States (Ikediobi et al.  2009 )), indications to genotyping are expected to increase in 
the psychiatric fi eld in the next years.     
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    Chapter 8   
 Safety and Tolerability of Antidepressants                     
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    Abstract     Problems abound when assessing the comparative acceptability and 
safety of antidepressant drugs. The fi ndings of double-blind randomised placebo- 
and comparator-controlled trials provide a reasonable impression of the relative tol-
erability of antidepressants in short-term treatment, but less is confi dently known 
about their relative acceptability and safety in long-term treatment. The fi ndings of 
randomised controlled trials which are conducted in homogenous and largely physi-
cally healthy samples of trial participants do not necessarily generalise well into the 
mixed and highly comorbid groups of depressed patients seen in real-world clinical 
settings. Furthermore, many of the reported adverse effects of antidepressants 
include reduced sexual desire, emotional indifference, and ‘activation’ – which can 
make it hard to distinguish the adverse effects of treatment from persistent or emerg-
ing symptoms of the underlying condition. The quality of many reports of possible 
adverse drug reactions with antidepressants is poor and this further hinders the accu-
rate assessment of comparative tolerability and potential toxicity. Certain antide-
pressant classes are prescribed preferentially to particular groups of patients with 
comorbid physical illnesses, whose presence hinders the interpretation of tolerabil-
ity events in pharmacoepidemiological studies. These problems are addressed 
through discussing the role of mixed treatment comparisons in assessing the accept-
ability of antidepressant treatment, are highlighted by referring to methodological 
challenges in research into sexual dysfunction and emotional indifference during 
treatment with selective serotonin reuptake inhibitors, are illustrated by considering 
the quality of case reports of adverse reactions relating to hepatic function with 
serotonin-noradrenaline reuptake inhibitors, and are further considered when review-
ing pharmacoepidemiological data on antidepressant tolerability in elderly patients.  
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8.1         Introduction 

 Pharmacotherapy, especially in the form of ‘second-generation antidepressants’ 
such as selective serotonin reuptake inhibitors (SSRIs), has become the mainstay 
fi rst-line choice of medical management for many mood and anxiety disorders. This 
widespread use of antidepressants remains the source of some controversy. Double- 
blind randomised placebo-controlled and comparator-controlled trials provide a 
reasonable impression of their absolute and relative short-term tolerability, but less 
is confi dently known about the relative long-term acceptability and safety of differ-
ing antidepressants. Furthermore randomised controlled trials are typically con-
ducted in homogenous groups of generally physically healthy participants, who do 
not fully represent the more heterogeneous and highly comorbid groups of depressed 
patients in routine clinical practice. 

 Reported adverse effects of antidepressants often relate to largely subjective psy-
chological experiences such as reduced sexual desire, emotional indifference, and 
‘activation’, which makes the task of distinguishing these experiences from persis-
tent or emerging symptoms of the underlying condition a diffi cult one. Another 
hindrance in assessing the adverse effects of antidepressants lies in the poor quality 
of many of the reports of their comparative tolerability and potential toxicity. 

 Current diffi culties in assessing the safety of antidepressant drugs are considered 
through a discussion of the role of mixed treatment comparisons in assessing accept-
ability of antidepressant medications, are highlighted through the example of method-
ological challenges in research into ‘treatment-emergent’ sexual dysfunction and 
emotional indifference with SSRIs, and are illustrated through the examples of reported 
associations of antidepressants with attempted suicide, hepatic dysfunction, persistent 
pulmonary hypertension, and an increased risk of adverse outcomes in elderly patients.  

8.2     The Range of Antidepressant Drugs 

 Antidepressants were fi rst introduced in the 1950s and came to gradually be the fi rst-
line medical treatment for patients with moderate to severe depression (Excellence 
National Institute for Health and Clinical  2009 ). There are four main classes, tricy-
clic antidepressants (TCAs), monoamine oxidase inhibitors (MAOIs), selective sero-
tonin reuptake inhibitors (SSRIs), and serotonin-noradrenaline reuptake inhibitor 
(SNRIs), and a group of other antidepressants with differing pharmacological prop-
erties, such as the noradrenaline and specifi c serotonergic antidepressant (NASSA) 
mirtazapine, the selective noradrenaline reuptake inhibitor reboxetine, and the mela-
tonin agonist and serotonin receptor antagonist agomelatine. In addition to their 
principal use in treating patients with unipolar depressive disorders, antidepressants 
are also used to treat patients with anxiety disorders, obsessive- compulsive disorder, 
post-traumatic stress disorder, and other conditions including chronic pain. 

 ‘Second-generation’ antidepressants include SSRIs, SNRIs, and others that 
selectively target neurotransmitters, as their primary mechanism of action. Some of 
these are available as both immediate-release and extended-release formulations 
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(Nussbaumer et al.  2014 ). The clinical rationale for extended-release formulations 
is to improve patients adherence to prescribed drug regimens because of the need 
for less frequent administration (once a day to once a week) (De Vane  2003 ); they 
may also have better overall tolerability through reduced fl uctuations of plasma 
drug concentrations with lower plasma peaks (Nussbaumer et al.  2014 ). However, 
critics argue that the availability of extended-release formulations represents little 
more than a pharmaceutical industry marketing strategy, without improved benefi ts 
for patients but with substantially higher costs (Huskamp  2006 ). A recent system-
atic review and meta-analysis suggested there are no clear differences between the 
two approaches to drug formulation (Nussbaumer et al.  2014 ).  

8.3     Relative Effi cacy and Tolerability 

 The SSRI zimeldine was developed with the intention of it being superior in toler-
ability and having greater safety in overdose when compared to its TCA predeces-
sors. However, it was associated with a ‘hypersensitivity syndrome’, symptoms of 
which included fever and myalgia (Nilsson  1983 ). Thirteen cases of drug reactions 
resembling Guillain-Barre syndrome had been reported by 1985 and the drug was 
withdrawn the same year (Fagius et al.  1985 ). Fortunately this has not been associ-
ated with other SSRIs. An early meta-analysis of randomised controlled trials with 
SSRIs (with the exception of fl uvoxamine) indicated that the proportion of patients 
withdrawing from treatment due to adverse effects was signifi cantly lower than the 
proportion treated with a TCA (with the exception of dosulepin [dothiepin]) 
(Anderson  2000 ). The SSRI class is currently the most widely recommended fi rst- 
line pharmacological treatment for patients with major (unipolar) depression or 
anxiety disorders, based on their effi cacy, tolerability, safety, and acquisition cost. 

 Until recently, relatively little was known about whether certain SSRIs were 
more effi cacious or better tolerated than other newer antidepressants. Whether 
newer antidepressants such as the SNRIs, reboxetine, and mirtazapine perform bet-
ter in terms of effi cacy and side effect profi le than existing SSRIs was also uncertain. 
However meta-analyses, sometimes utilising ‘mixed treatment comparisons’ based 
on network meta-analysis suggest that some newer drugs – for example, mirtazapine 
and escitalopram – are more effi cacious than their comparators, while others are 
better tolerated – for example, escitalopram and sertraline (Cipriani et al.  2009 ; Nutt 
 2009 ). The SNRI reboxetine has disadvantages in both effi cacy and tolerability, 
leading some to argue for it not to be used as a fi rst-line treatment for patients with 
depression and some to suggest it should be withdrawn (Eyding et al.  2010 ). 

 Meta-analyses typically focus on overall effi cacy (the proportion of patients 
responding to treatment or who go into symptomatic remission) and overall toler-
ability (the proportion of patients withdrawing due to adverse effects). However, 
some meta-analyses have examined the relative incidence of particular adverse 
effects: for example, Gartlehner and colleagues found that the SNRI venlafaxine 
is more strongly associated with the risks of nausea and vomiting, the SSRI ser-
traline with diarrhoea, mirtazapine with weight gain and trazodone with somno-
lence. They also found that there is a lower incidence of emergent sexual 
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 dysfunction in patients treated with the predominantly dopaminergic 
 antidepressant drug bupropion, when compared to other second-generation anti-
depressants (Gartlehner et al.  2011 ). Most published meta-analyses have been 
primarily concerned with the relative risks and benefi ts of SSRIs and other newer 
antidepressants in the acute treatment of patients with major (unipolar) depres-
sion, but some are now emerging which focus on treatment of other conditions 
such as generalised anxiety disorder (Baldwin et al.  2011 ).  

8.4     Treatment Emergent Sexual Dysfunction 

 Depressed patients often experience lowered sexual interest and diffi culty in achiev-
ing sexual satisfaction but many antidepressants are associated with ‘treatment- 
emergent’ sexual dysfunction (i.e. worsening of pre-existing diffi culties or 
development of new problems during treatment). Sexual dysfunction is associated 
with worsening of mood and diminished self-esteem and is detrimental to interper-
sonal relationships (Williams et al.  2006 ,  2010 ). Meta-analyses and randomised 
controlled trials indicate that some antidepressants may be less likely to be associ-
ated with treatment-emergent sexual dysfunction than others. For example, Chiesa 
and Serretti suggest that agomelatine, bupropion, moclobemide, mirtazapine, and 
nefazodone were no different to placebo in associated treatment-emergent sexual 
diffi culties (Serretti and Chiesa  2009 ). Mirtazapine may be less likely to cause sex-
ual dysfunction (Serretti and Chiesa  2009 ) including delayed ejaculation (Taylor 
et al.  2013 ). The latter is a less common side effect with bupropion than with SSRI 
treatment, and bupropion is often used in the management of patients with SSRI- 
associated sexual dysfunction. However the long-term clinical relevance of these 
statistically signifi cant differences seen between drugs in acute treatment studies is 
uncertain (Reichenpfader et al.  2014 ). It is often the case that a reduction in the 
severity of depressive symptoms is followed by an improvement in sexual function 
and satisfaction, even though patients are taking antidepressant drugs that can affect 
sexual function adversely (Baldwin et al.  2008 ,  2006 ).  

8.5     Differentiating Depressive Symptoms from Adverse 
Emotional Effects 

 Emotional indifference, increased ‘nervousness’, and worsening of suicidal 
thoughts and images are all known to be potential adverse effects of antidepressant 
treatment. However, these experiences can also be symptoms of the underlying 
condition being treated, making it hard to distinguish adverse effects from worsen-
ing depression. Loss of interest and a reduced capacity for pleasure and reward 
(anhedonia) are cardinal depressive symptoms, but antidepressants themselves can 
sometimes reduce emotional responsiveness, increase apathy, and induce a state of 
‘psychic indifference’. A qualitative study of individuals being treated with SSRIs 
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found that problems such as emotional detachment and reductions in both positive 
and negative emotions were not uncommon (Price et al.  2009 ). Assessing indiffer-
ence is diffi cult due to the presence of depressive symptoms as well as a lack of 
standardised methods. Previous scales and questionnaires have some weaknesses, 
but the Oxford Questionnaire on Emotional Side Effects of Antidepressants appears 
to have robust psychometric properties (Price et al.  2012 ) and in a randomised con-
trolled trial was able to differentiate between the emotional effects of the SSRI 
escitalopram and the novel antidepressant agomelatine (Corruble et al.  2013 ). 

 Similar problems arise when assessing increased ‘nervousness’, worsened anxi-
ety, increased agitation, and suicidal ideation during antidepressant treatment. The 
potential adverse effect of increased nervousness with SSRI treatment was recog-
nised a few years after they became available for clinical use (Baldwin et al.  1991 ). 
Randomised controlled clinical trials suggest that SSRIs are often associated with a 
transient worsening of anxiety symptoms (Baldwin et al.  1999 ). However, the ‘jit-
teriness syndrome’, thought to be associated with the early stages of antidepressant 
treatment, is poorly characterised and its exact frequency (and optimal manage-
ment) is unknown (Sinclair et al.  2009 ). An early prescription-event monitoring 
survey suggested an incidence of approximately 1 %, but this may represent signifi -
cant underreporting. 

 ‘Discontinuation’ symptoms are not uncommon when antidepressant treatment 
is withdrawn, either abruptly or when slowly tapered. Symptoms typically peak in 
the fi rst week and then lessen over time. The risk of discontinuation syndromes dif-
fers between antidepressants but predicting which patients will be affected is chal-
lenging. The recommended withdrawal method is slow and stepwise (tapered), but 
its value is yet to be established through double-blind staggered discontinuation 
design studies (Baldwin et al.  2007 ). As with emotional indifference and suicidal 
thoughts and images, it is challenging to distinguish between pharmacological dis-
continuation symptoms and symptoms arising from an early relapse of anxiety and 
depression. This is compounded by the fact that the most widely used instrument for 
assessing withdrawal symptoms (the Discontinuation-Emergent Signs and 
Symptoms Scale) (Rosenbaum et al.  1998 ) has 43 items, only 10 of which are 
uncommon in untreated depressed patients.  

8.6     Antidepressant Drugs and Suicidal Thoughts, Images, 
and Behaviour 

 Meta-analyses suggest that the incidence of suicidality does not markedly differ 
between classes of antidepressant: for example, a meta-analysis of 372 randomised 
double-blind placebo-controlled trials, involving almost 100,000 patients found 
‘little difference’ between drugs, although it found a greater risk of suicidality in 
patients younger than 25 years (Stone et al.  2009 ). This is supported by the fi ndings 
of a systematic review of suicide attempts during observational studies of patients 
being treated with SSRIs, which found them to be protective against both attempted 
and completed suicide in older adults (Barbui et al.  2009 ). 
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 Research fi ndings suggesting a potential link between antidepressants and 
 suicide risk in young people have engendered much controversy. However, the evi-
dence on antidepressants and suicide risk is inconsistent (Kaizar et al.  2006 ; 
Leckman and King  2007 ; Simon  2006 ) (See Table  8.1 ). During 2003–2004 the 
Food and Drug Administration (FDA) in the United States issued health advisory 
warnings stating that children and adolescents were at increased risk of suicidality 
(ideation and behaviour) and soon after made it a requirement that a safety warning 
be placed on the labels of all antidepressant drugs, this warning later being extended 
to include young adults. The reasoning behind the FDA decisions is contentious 
(Klein  2006 ): it appears based on an FDA-solicited meta-analysis, which showed a 
relative risk for ‘suicidality’ of 1.95 (95 % confi dence interval 1.28–2.98) for young 
people taking antidepressants compared with those given placebo (Hammad et al. 
 2006 ). However, the trials included within the meta-analysis were not designed to 
estimate suicidality risk (Klein  2006 ; Hammad et al.  2006 ) and the majority of the 
reported adverse events involved suicidal thoughts and images and did not represent 
attempted or completed suicide (Klein  2006 ; Hammad et al.  2006 ; Baldessarini 
et al.  2006 ). Despite the evidence being inconclusive, the FDA advisories and boxed 
warning attracted much media coverage, leading to safety alarms in clinicians and 
young patients and their parents (Lu et al.  2014 ). 

 Treating young depressed people with antidepressant drugs can be effective in 
terms of improved mood (March et al.  2004 ,  2007 ; Gibbons et al.  2012 ) but the 
relationship between suicidal behaviour and antidepressant use is complex, and 
studies have produced inconsistent results (Lu et al.  2014 ). Pre-existing suicidality 
may be the reason for deciding to treat a depressed patient with an antidepressant, 
and suicidal risk is usually reduced with effective treatment (Simon  2006 ). Managing 
suicidality in this way may be associated with different risks in adults and in young 
people (Gibbons et al.  2012 ). In adolescents and young adults, antidepressants may 
lead to short-term increases in suicidality (Hammad et al.  2006 ; Jick et al.  2004 ; 
FDA  2004 ). Studies undertaken since the FDA warnings have revealed substantial 
reductions in the numbers of young people being treated with antidepressants 
(Libby et al.  2007 ,  2009 ); this effect is also seen in older adults, who were not 
included within the warnings (Valuck et al.  2007 ). 

 There were also an associated decline in diagnoses of depression in both children 
and adults (Libby et al.  2007 ,  2009 ; Valuck et al.  2007 ), but no increase in the use 
of alternative approaches in young people nor in the degree to which patients were 
monitored, despite this being an explicit part of the warning (Libby et al.  2007 , 
 2009 ; Pamer et al.  2010 ). 

 A large-scale long-term quasi-experimental study by Lu and colleagues ( 2014 ) 
investigated whether there were changes in nationwide ‘suicidality’ following 
the FDA warnings, the study cohorts comprising approximately 1.1 million 
 adolescents, 1.4 million young adults, and 5 million older adults. They found an 
abrupt decline (31 %) in the previously upward trend of adolescent antidepressant 
use during the second year after the warnings, but a simultaneous sharp increase in 
psychotropic drug poisonings (21.7 %) (a validated measure of suicide attempts), 
particularly amongst males; there was also a signifi cant relative increase of 13.9 % 
in drug poisonings amongst adolescents. In younger adults there was a reversal of 
the upward trend in antidepressant use in the second year following the warnings 
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and a simultaneous increase in psychotropic drug poisonings (33.7 %): in older 
adults, there was an observed relative reduction of 14.5 % in antidepressant use, but 
no signifi cant increase in psychotropic drug poisonings. 

 Contrary to the well-meaning intention of the regulatory warnings, the net effect 
may have been to increase suicides, by leaving young people without effective anti-
depressant treatment. Similar fi ndings have been observed in Sweden, where 
Isacsson and colleagues assessed trends in antidepressant use by comparing pre-
scription records and post-mortem toxicology for all suicides in the 10–19 year age 
group during the periods 1992–2003 (baseline) and 2004–2010 (after the warning). 
They found that suicide increased over fi ve consecutive years (by 60.5 %) and that 
the increases occurred amongst individuals who were not undergoing antidepres-
sant treatment (Isacsson et al.  2014 ). The fi ndings from both the American and 
Swedish studies therefore reveal the potential for both intended and unintended 
outcomes following widely publicised warnings.  

8.7     Antidepressants and Hepatic Dysfunction 

 Certain antidepressants become associated with particular adverse effects, 
 sometimes without justifi cation. An example is the TCA lofepramine, which became 
linked to potential hepatotoxicity during the fi rst few years of its launch; the fi rst 
reported case was in October 1987 (Macphee et al.  1987 ) and a further 57 reports 
had been received by the UK Committee on Safety of Medicines 2 months later. A 
case report featuring withdrawal of lofepramine and exposure to the metabolite 
desipramine implicated the ‘parent drug’ (i.e. lofepramine) as being responsible for 
hepatotoxicity (Lack et al.  1990 ). However, a subsequent case series involving 
elderly patients revealed that the effects of lofepramine on hepatic function were 
only transient (Kelly et al.  1993 ), and a further investigation demonstrated that there 
was no difference between lofepramine and placebo in the incidence of abnormal 
liver function tests (Tan et al.  1994 ). No further published reports about hepatic 
dysfunction with the drug have appeared. 

 There is much variability in the quality of case reporting of adverse drug reac-
tions; a systematic review of all case reports published in a single psychopharma-
cology journal over 25 years found that only 7 out of 40 reports of presumed adverse 
reactions were deemed suffi ciently robust for ascribing possible or probable causal-
ity (with no correlation between the quality of the report and its impact as assessed 
by citations) (Talat et al.  2013 ). Similarly, presumed hepatic reactions to SNRI 
 antidepressants (primarily duloxetine and venlafaxine) have been reported 17 
times between 1999 and 2012; but only two reports involved re-exposure, only two 
investigated possible ‘dose-response’ relationships, and only three confi rmed 
 presumed hepatic reactions with a biopsy (Pradeep et al.  2004 ). High likely causal-
ity scores were only seen in reports of acute hepatitis in patients treated with venla-
faxine (Pradeep et al.  2004 ), of asymptomatic transaminitis in a patient with known 
Gilbert’s syndrome treated with venlafaxine (Phillips et al.  2006 ), and of acute 
hepatitis attributed to venlafaxine in a patient who was also taking fi ve other medi-
cations, and who had recently stopped a phytomedicine (Feinberg  2010 ). 
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 Findings from clinical trials and pharmacoepidemiological studies of duloxetine 
suggest that the incidence of elevated liver function test results in patients without 
hepatic disease is generally low (being somewhat higher in patients with known 
liver pathology) and not signifi cantly greater than when treated with placebo 
(Wernicke et al.  2008a ). In a large pharmacoepidemiological investigation based on 
1.55 million years of patient exposure, there were 406 reported cases of duloxetine- 
associated hepatic problems, equating to a cumulative reporting rate of 0.008 % for 
all hepatic events and a risk of severe hepatic injury in 0.7/100,000 exposed person- 
years (Wernicke et al.  2008b ). However, independent analysis of the FDA adverse 
event reporting system, and of the i3 Aperio (health insurance) database, suggests 
that the reporting of hepatic events with duloxetine may be disproportionately 
greater, when compared to other antidepressants (Strombom et al.  2008 ). 

 The novel antidepressant agomelatine has been shown to be hepato-protective 
against paracetamol-induced liver damage in rats (Karakus et al.  2013 ). However in 
human studies, elevated AST and/or ALT levels were seen in 1.4 % of patients tak-
ing 25 mg per day, and 2.5 % of patients prescribed 50 mg per day. Agomelatine is 
therefore contraindicated in patients with pre-existing hepatic disease, and regular 
monitoring (at baseline and at weeks 3, 12, and 24 of treatment) of hepatic function 
is required (McAllister-Williams et al.  2010 ). One case of fulminant hepatic failure 
in a patient with pre-existing fatty liver disease has been described (Gruz et al. 
 2014 ), and the German regulatory agency BfArm has received 58 cases of ‘hepato-
toxic adverse drug reactions’ (Gahr et al.  2013 ), emphasising the need for further 
research into the effects of agomelatine on hepatic function.  

8.8     SSRIs and Persistent Pulmonary Hypertension 

 Prenatal exposure to antidepressant drugs has been suggested to be associated with 
a number of adverse effects in the newborn infant, and several variables need to be 
considered when deciding whether or not to treat a depressed pregnant woman. One 
potential adverse effect that should be considered is persistent pulmonary hyperten-
sion of the newborn (Kieler et al.  2012 ), (see Table  8.3  and Table  8.4 ) a relatively 
rare condition (with an estimated prevalence of 1.9 per 1,000 live births) (Walsh-
Sukys et al.  2000 ), in which pulmonary vasculature in the infant fails to ‘relax’ 
resulting in poor oxygenation (Grigoriadis et al.  2014 ). Symptoms range in severity 
from mild respiratory distress to hypoxia which requires urgent intensive medical 
care (Jong et al.  2012 ). Study fi ndings suggesting an association between maternal 
use of SSRIs during pregnancy and persistent pulmonary hypertension in the new-
born led both Health Canada and the FDA to issue advice to clinicians alerting them 
to the potential adverse effect ( FDA US 2012 ). However more recent fi ndings have 
been inconsistent (Occhiogrosso et al.  2012 ), with some studies reporting no asso-
ciation (Andrade et al.  2009 ; Wilson et al.  2011 ), others some association (Kieler 
et al.  2012 ; Chambers et al.  2006 ), and others indicating differential effects depend-
ing on the stage of the pregnancy when exposure occurred (Kieler et al.  2012 ; 
Chambers et al.  2006 ) (See Table  8.2 ). The FDA has stated, ‘given the confl icting 
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    Table 8.1    Hazard ratios for six adverse outcomes by antidepressant class and adjusted for 
confounders (Coupland et al.  2011 )   

 Antidepressant class adjusted hazard ratio (95 % CI) 

 SSRIs  TCAs  Others 
 Not taking 
antidepressants 

 Adverse 
outcomes 

 All-cause 
mortality 

 1.54 
(1.48–1.59) 

 1.16 
(1.10–1.22) 

 1.66 
(1.56–1.77) 

 1.00 

 Attempted 
suicide/
self-harm 

 2.16 
(1.71–2.71) 

 1.70 
(1.28–2.25) 

 5.16 
(3.90–6.83) 

 1.00 

 Myocardial 
infarction 

 1.15 
(1.04–1.27) 

 1.09 
(0.96–1.23) 

 1.04 
(0.85–1.27) 

 1.00 

 Stroke/transient 
ischaemic 
attack 

 1.17 
(1.10–1.26) 

 1.02 
(0.93–1.11) 

 1.37 
(1.22–1.55) 

 1.00 

 Falls  1.66 
(1.58–1.73) 

 1.30 
(1.23–1.38) 

 1.39 
(1.28–1.52) 

 1.00 

 Fracture  1.58 
(1.48–1.68) 

 1.26 
(1.16–1.37) 

 1.64 
(1.46–1.84) 

 1.00 

  The * simply refers to the fact that all fi gures are adjusted vales for age, sex etc. Adjusted for sex, 
age (5 year bands), year, severity of depression, depression before age 65, smoking status, 
Townsend deprivation score, coronary heart disease, diabetes, hypertension, cancer, dementia, 
Parkinson’s disease, hypothyroidism, obsessive-compulsive disorder, epilepsy/seizures, statins, 
nonsteroidal anti-infl ammatory drugs, antipsychotics, lithium, aspirin, antihypertensive drugs, 
anticonvulsant drugs, and hypnotics/anxiolytics; all outcomes except stroke/transient ischaemic 
attack also adjusted for stroke/transient ischaemic attack at baseline; fracture outcome also 
adjusted for falls at baseline  

    Table 8.2    Hazard ratios for fi ve adverse outcomes by antidepressant class and adjusted for 
confounders (Coupland et al.  2011 )   

 Antidepressant class adjusted hazard ratio (95 % CI) 

 SSRIs  TCAs  Others 
 Not taking 
antidepressants 

 Adverse 
outcomes 

 Upper 
gastrointestinal 
bleeding 

 1.22 
(1.07–1.40) 

 1.29 
(1.10–1.51) 

 1.37 
(1.08–1.74) 

 1.00 

 Epilepsy/seizures  1.83 
(1.49–2.26) 

 1.02 
(0.76–1.38) 

 2.24 
(1.60–3.15) 

 1.00 

 Road traffi c 
accidents 

 0.89 
(0.70–1.13) 

 0.86 
(0.64–1.15) 

 0.67 
(0.39–1.14) 

 1.00 

 Adverse drug 
reactions 

 1.16 
(0.98–1.37) 

 1.06 
(0.86–1.29) 

 0.95 
(1.68–1.34) 

 1.00 

 Hyponatraemia  1.52 
(1.33–1.75) 

 1.05 
(0.87–1.27) 

 1.28 
(0.98–1.67) 

 1.00 

  *Adjusted for sex, age (5 year bands), year, severity of depression, depression before age 65, 
smoking status, Townsend deprivation score, coronary heart disease, stroke/transient ischaemic 
attack, diabetes, hypertension, cancer, dementia, Parkinson’s disease, hypothyroidism, obsessive- 
compulsive disorder, statins, nonsteroidal anti-infl ammatory drugs, antipsychotics, lithium, aspi-
rin, antihypertensive drugs, anticonvulsant drugs, hypnotics/anxiolytics; all outcomes except 
epilepsy/seizures also adjusted for epilepsy/seizures at baseline  
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results from different studies, it is  premature to reach any conclusion about a pos-
sible link between SSRI use in  pregnancy’ and persistent pulmonary hypertension 
in the newborn ( FDA 2012 ).

    Risk factors for persistent pulmonary hypertension (Grigoriadis et al.  2014 ) 
include certain congenital malformations, premature birth, meconium aspiration, 
maternal obesity, and caesarean section delivery (Occhiogrosso et al.  2012 ; Koren 
and Nordeng  2012a ,  b ), but many of the studies of SSRIs did not exclude or control 
for other known risk factors and more than one risk factor may be a prerequisite for 
developing the condition (Occhiogrosso et al.  2012 ; Galbally et al.  2012 ). In a sys-
tematic review and meta-analysis of the associations between SSRI treatment and 
persistent pulmonary hypertension, Grigoriadis and colleagues found an increased 
risk if exposure to SSRIs occurred in late (but not early) pregnancy: study design, 
congenital malformation, and meconium aspiration were not signifi cant effect mod-
ifi ers, but the possible moderating effects of caesarean section, preterm birth, and 
maternal obesity could not be examined (Grigoriadis et al.  2014 ). There was a sta-
tistically signifi cantly pooled odds ratio of 2.5 for exposure to SSRIs in late preg-
nancy, though the absolute risk is low; between 286 and 351 women in late gestation 
would have to be treated with an SSRI for there to be one additional case of persis-
tent pulmonary hypertension in a new born baby. Therefore the meta-analysis indi-
cates that less than 1 infant in 100 will develop persistent pulmonary hypertension 
following prenatal exposure to SSRIs. Although this is a serious condition with 
death rates between 5 % and 10 % when associated with other conditions (such as 
congenital malformations, meconium aspiration, sepsis, and idiopathic disease), it 
can be managed successfully (Koran and Nodding  2012 ). The mortality of infants 
with persistent pulmonary hypertension who have been exposed to SSRI is not 
established, though one study suggests 9.1 % (3 out of 33 infants) of the infants who 
were exposed to an SSRI died, whereas 9.5 % (183 of 1,935 infants) who were not 
exposed to an SSRI died (Kieler et al.  2012 ); however the disparity in group size 
makes this fi nding hard to interpret.  

8.9     Adverse Outcomes in Elderly Patients 

 Depression is common in older people with around 10–15 % of those living in the 
community being affected by depressive symptoms (McDougall et al.  2007 ; 
Beekman et al.  1999 ). Adverse drug events are more common in elderly patients, 
due to higher rates of comorbid illness, age-related physiological changes, and 
polypharmacy (Cadieux  1999 ). Despite this they are underrepresented in ran-
domised controlled trials, as these typically exclude older people and those with 
comorbid conditions (Giron et al.  2005 ). Several observational studies have investi-
gated adverse outcome associated with antidepressants (Reid and Barbui  2010 ), 
though few have been dedicated specifi cally to an older population. 

 This paucity of data led Coupland and colleagues to undertake a large cohort 
study of antidepressant use in older people (aged 65 years and older), involving a 
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total of 60,746 UK patients. The most commonly prescribed antidepressant drugs 
were SSRIs (54.7 % of prescriptions), followed by TCAs (31.6 % of prescriptions), 
other antidepressants (13.5 %), and MAOIs (0.2 %) (Coupland et al.  2011 ); the lat-
ter were excluded from analyses due to the small number of prescriptions. All 
classes of antidepressant were associated with signifi cantly increased risks of all- 
cause mortality, nonfatal self-harm, falls, fractures, and upper gastrointestinal 
bleeding, compared with patient groups not taking antidepressants: SSRIs and the 
group of ‘other’ antidepressants were associated with greater risks of stroke and/or 
transient ischaemic attack and of epilepsy/seizures, and SSRIs were also associated 
with increased risk of myocardial infarction and hyponatraemia (Coupland et al. 
 2011 ) (see Tables  8.1  and  8.2 ).

    Associations with seven adverse outcomes differed signifi cantly between drug 
classes. SSRIs were associated with signifi cantly higher rates of all-cause mortality, 
stroke/transient ischaemic attack, falls, fracture, epilepsy/seizures, and hyponatrae-
mia. No signifi cant difference was found for nonfatal self-harm. The group of 
‘other’ antidepressants had signifi cantly higher rates for all-cause mortality,  nonfatal 
self-harm, stroke/transient ischaemic attack, fracture, and epilepsy/seizures when 
compared with TCAs. No signifi cant difference was found for falls or  hyponatraemia. 

   Table 8.3    Exposure to SSRIs in gestational week 20 or later and risk of PPH of the newborn 
(Kieler et al.  2012 )   

 Number of infants with PPH of the 
newborn (per 1,000) 

 Adjusted* odds ratio 
(95 % CI) 

 Not exposed  Exposed 

 Drug  Any SSRI  1899 (1.2)  33 (3.0)  2.1 (1.5–3.0) 
 Fluoxetine  1952 (1.2)  9 (2.7)  2.0 (1.0–3.8) 
 Citalopram  1936 (1.2)  11 (3.3)  2.3 (1.2–4.1) 
 Paroxetine  1959 (1.2)  5 (3.9)  2.8 (1.2–6.7) 
 Sertraline  1949 (1.2)  10 (3.5)  2.3 (1.3–4.4) 
 Escitalopram  1966 (1.2)  1 (1.8)  1.3 (0.2–9.5) 

   Table 8.4    Exposure to SSRIs before gestational week 8 or later and risk of PPH of the newborn 
(Kieler et al.  2012 )   

 Number of infants with PPH of the 
newborn (per 1,000) 

 Adjusted a  odds ratio 
(95 % CI) 

 Not exposed  Exposed 

 Drug  Any SSRI  1899 (1.2)  32 (1.9)  1.4 (1.0–2.0) 
 Fluoxetine  1952 (1.2)  7 (1.8)  1.3 (0.6–2.8) 
 Citalopram  1936 (1.2)  17 (2.5)  1.8 (1.1–3.0) 
 Paroxetine  1959 (1.2)  4 (1.7)  1.3 (0.5–3.5) 
 Sertraline  1949 (1.2)  9 (2.7)  1.9 (1.0–3.6) 
 Escitalopram  1966 (1.2)  1 (0.4)  0.3 (0.0–2.2) 

   a Adjusted for maternal age, dispensed nonsteroidal anti-infl ammatory drugs and antidiabetes 
drugs, pre-eclampsia, chronic diseases during pregnancy, country of birth, birth year, level of deliv-
ery hospital, and birth order  
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TCAs prescriptions were not associated with signifi cantly higher rates of adverse 
outcomes than either SSRIs or the group of ‘other’ antidepressants. 

 When individual antidepressant drugs were examined, trazodone was found to 
be associated with the highest adjusted hazard ratio for all-cause mortality and one 
of the highest risks for nonfatal self-harm. Mirtazapine had the highest adjusted 
hazard ratio for nonfatal self-harm and one of the highest risks for all-cause mortal-
ity and stroke/ischaemic attack. Venlafaxine had higher hazard ratios for stroke/
transient ischaemic attack, fracture, and epilepsy/seizures and is one of the highest 
associations with all-cause mortality and nonfatal self-harm. The SSRI citalopram 
had the highest association with falls, although risks were similar amongst all the 
SSRIs (Coupland et al.  2011 ). Three SSRIs (citalopram, escitalopram, and fl uox-
etine) were associated with signifi cantly increased risks of hyponatraemia. The 
TCAs amitriptyline and dosulepin had the lowest associated risk for many adverse 
outcomes (Coupland et al.  2011 ). Signifi cant trend was found in analyses of dosage 
relationships with TCAs and SSRIs for all-cause mortality, falls, and  epilepsy/sei-
zures. A signifi cant dose relationship was also seen with TCAs and fracture. 
Previous evidence has suggested that low-dose TCAs may be similar to higher 
doses of TCAs in depressive symptom reduction (NICE  2009 ; Furukawa et al. 
 2003 ). Adverse outcomes were most likely during the fi rst 28 days of use and again 
in the fi rst 28 days after stopping treatment (Coupland et al.  2011 ): adverse events 
in the fi rst 28 days of prescription could be due to depression being most severe, and 
increased risk after stopping treatment could be due to the onset of supervening ill-
ness, or admission to hospital or residential homes, rather than treatment withdrawal 
(Coupland et al.  2011 ). 

 Data such as these are hard to interpret. The effectiveness of the differing antide-
pressant classes in relieving depressive symptoms is not described. Given the asso-
ciation of depressive illness with chronic physical ill health, it should be expected 
that populations prescribed with antidepressant drugs will have increased mortality. 
The known association of TCAs with problems such as seizures and cardiac arrhyth-
mias may lead doctors to avoid prescribing them in patients with epilepsy and car-
diac disease, with a preference for SSRIs, which therefore become associated with 
these conditions.  

8.10     Conclusion 

 A detailed analysis of ten drug information resources for the SSRI fl uoxetine found 
a median of 74.5 reported possible adverse drug reactions (Tan et al.  2014 ). However, 
a recent population survey found that 9 of the 20 most commonly everyday symp-
toms in the general population are also listed as ‘adverse drug reactions’ in more 
than half of drug information documents (Petrie et al.  2014 ): so the misattribution 
of everyday symptoms to possible adverse effects of prescribed medication must be 
common in clinical settings (Tan et al.  2014 ). Frequently reported everyday symp-
toms include fatigue, sleeping problems, irritability, diffi culty concentrating, 
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anxiety, depression, and agitation (Petrie et al.  2014 ), all common in depressed 
patients and all of which are also listed as potential adverse drug reactions with 
frequently prescribed medications (Tan et al.  2014 ). The routine provision of long 
lists of possible side effects of medication may increase the expectancy of unwanted 
treatment- emergent effects (Faasse and Petrie  2013 ), as informing individuals of 
possible symptoms increases the likelihood of those symptoms being reported 
(Myers et al.  1987 ); in randomised placebo-controlled trials with antidepressants, 
participants who receive placebo often report adverse events which are remarkably 
similar in nature to those seen with active drugs (Rief et al.  2009 ). 

 As such, careful communication of accurate information about potential adverse 
effects of pharmacological treatment is needed in the management of patients with 
chronic diseases, such as depression and anxiety disorders (Colloca and Finniss 
 2012 ). It makes sense to provide information on both the absolute and relative risks 
of the most important potential side effects, with the greatest emphasis being given 
to data from randomised controlled trials (Tan et al.  2014 ). However the quality of 
reporting of data from randomised controlled trials is highly variable (Ioannidis 
 2009 ; Zorzela et al.  2014 ); and observational studies tend to underestimate the risk 
of rare but serious adverse reactions (Papanikolau et al.  2006 ) and overestimate the 
risk of common but less important reactions (de Lange et al.  2008 ). It has been 
argued that simply listing the possible adverse effects of medication is probably 
unhelpful: rather, efforts should be made to contextualise the potential risks and 
benefi ts of intervention by considering the patient, the treatment being offered and 
the underlying condition being treated (Tan et al.  2014 ). In the pharmacological 
treatment of depressive illness, the need to provide understandable information 
about the anticipated benefi cial effects and possible adverse effects of antidepres-
sant medication has to be balanced with the imperative to encourage patients to 
accept potentially life-saving treatment, often for many years.     
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    Chapter 9   
 Safety and Tolerability of Antipsychotics                     

       Michael     W.     Jann      and     William     K.     Kennedy    

    Abstract     Antipsychotics are commonly used to treat schizophrenia, bipolar disor-
ders, depression, and other conditions where psychotic symptoms occur. 
Antipsychotics are classifi ed as typical fi rst-generation agents (FGAs) or atypical 
second-generation agents (SGAs). Regulatory agencies have approved their usage 
in the adult population 18–65 years. However, these agents are prescribed “off- 
label” for children and adolescents. Antipsychotics have special warnings for use in 
the elderly patients with dementia-related psychosis that includes an increased risk 
for fatalities and cerebrovascular events. Extrapyramidal side effects (EPS) and tar-
dive dyskinesia are a risk with all antipsychotic classes. Even though antipsychotics 
can lower seizure threshold, clozapine is the most commonly known for this adverse 
effect. The metabolic syndrome associated with the SGAs is well known, and olan-
zapine most commonly produces weight gain and lipid changes. Thioridazine and 
mesoridazine have a “black box” FDA warning due to QTc prolongation and risk 
for torsades de pointes. Hematologic disorders such as agranulocytosis are associ-
ated with clozapine and specifi c guidelines for patient monitoring are established. 
Both FGAs and SGAs are known to produce elevations from baseline prolactin 
levels with risperidone and paliperidone. Aripiprazole was reported to have the least 
effects on plasma prolactin levels. Neuroleptic malignant syndrome is an acute 
medical emergency, and antipsychotic therapy must immediately cease and the 
patient treated in the hospital.  
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9.1         Introduction 

 Antipsychotics are the mainstay therapeutic treatment for a variety of psychiatric 
conditions including schizophrenia, bipolar disorders, and others associated dis-
eases. These psychiatric disorders have acute episodes of psychotic symptoms 
requiring immediate therapy. However, usage of antipsychotics often requires 
chronic disease management as these conditions are long-term debilitating diseases. 
With the exception of clozapine, all other antipsychotics were found to be equally 
effective agents (Perel and Jann  2006 ). Adverse side effects of antipsychotics are 
associated with their pharmacologic actions at various receptors located in the cen-
tral nervous system (CNS) and periphery displayed in Table  9.1  (Richelson  1999 , 
 2010 ; Richelson and Sounder  2000 ). Pharmacovigilance detects, assesses, and 
attempts to understand the adverse effects of medications so that preventative mea-
sures can be employed to maximize their outcomes and tolerability. The adverse 
side effect profi les of 15 antipsychotic agents (both fi rst generation and second gen-
eration) were compared using meta-analysis from over 200 clinical trials and pro-
vided an overall profi le of each agent relative to the other antipsychotics with six 
parameters (e.g., all-cause discontinuation) so that policy decision-makers can for-
mulate practice guidelines (Rajkumar and Melvin  2014 ). From the practical per-
spective, patients typically experience more than one adverse effect at any particular 
time during treatment with different levels of severity (Perel and Jann  2006 ). These 
types of studies focus on the adult population, and antipsychotics are used in all age 
groups from the geriatric population to children and adolescents including during 
pregnancy. It is beyond the scope of this chapter to fully investigate and present 
studies that have assessed the adverse events associated with the antipsychotics as 
several topics themselves can be an individual chapter such as the metabolic syn-
drome. References are included with a summary of their impact on health systems, 
and this chapter will center on the various adverse side effects reported with anti-
psychotics that infl uence regulatory agencies and policy makers (Rajkumar and 
Melvin  2014 ; Piparva et al.  2011 ).

9.2        Specifi c Populations 

9.2.1     Elderly 

 Unless the patient has an existing diagnosis for schizophrenia or bipolar disorders, 
antipsychotic use in the elderly is “off-label” by the regulatory agencies. 
Antipsychotics are commonly used in the elderly and present a different set of issues 
compared to the adult population as polypathology, polypharmacy, potential drug-
drug interactions, and age-related pharmacokinetic and pharmacodynamics are 
important variables in selecting the drug dosages. Due to these multiple variables, 
antipsychotics doses are generally lower in the elderly versus the adult group (Gareri 
et al.  2003 ). The adverse event profi le for the antipsychotic drugs in the elderly 
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differs than the adult population with specifi c patient warnings such as regarding 
their use for dementia-related psychosis and potential for cerebrovascular disorders.  

9.2.2     Children and Adolescents 

 Most antipsychotic drugs prescribed for children are also “off-label” that include 
use in aggression and irritability in patients with autism, conduct disorders, and 
pervasive developmental disorders with an increasing frequency (Schneider et al. 
 2014 ). Antipsychotic use in clinical practice especially in young children as early as 

    Table 9.1    Summary of the antipsychotic receptor pharmacology and adverse side-effect profi le   

 Drug  D2  5HT2A  M  H1  Alpha-1  Adverse side-effect association 

  Reference compound  
 Spiperone  4  –  –  –  –  EPS, tardive dyskinesia, prolactin 
 Ketanserin  –  4  –  –  –  Rhabdomyolysis 
 3-quinuclidinyl-4- 
iodobenzilate (QNB) 

 –  –  4  –  Anticholinergic, memory 
impairment, ↑ narrow angle, 
glaucoma, sinus tachycardia, 
blurred vision 

 Pyrilamine  –  –  –  4  –  Sedation and weight gain 
 Prazosin  –  –  –  –  4  Cardiovascular, orthostatic 

hypotension 
  First-generation typical antipsychotics  
 Chlorpromazine  3  2  2  3  3 
 Fluphenazine  4  2  1  2  2 
 Haloperidol  3  3  0  1  1 
 Loxapine  3  2  1  2  2 
 Mesoridazine  3  3  1  3  2 
 Perphenazine  4  3  0  3  2 
 Thioridazine  3  3  2  2  3 
  Second-generation typical antipsychotics  
 Aripiprazole  4  3  0  2  1 
 Asenapine  3  3  0  2  3 
 Clozapine  1  4  3  4  2 
 Iloperidone  3  4  0  2  4 
 Lurasidone  3  3  0  0  4 
 Olanzapine  2  3  2  4  1 
 Paliperidone  3  3  0  3  2 
 Quetiapine  1  2  0  2  2 
 Risperidone  3  4  0  3  3 
 Ziprasidone  3  4  0  2  1 

  0 = negligible, 1 = low, 2 = moderate, 3 = moderate high, 4 = high, reference compound;  EPS  
extrapyramidal side effects 
 D2 = dopamine receptor subtype, 5Ht2A = serotoninergic receptor subtype 2A, M = muscarinic 
receptor, H1 = histamine receptor subtype 1, Alpha-1 = alpha adrenergic receptor subtype 1  
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2 years of age presents on-going challenges to healthcare systems. The overall 
adverse side-effect profi le of antipsychotics in children and adolescents does not 
substantially differ from the adult population, but due to the earlier exposure to 
these drugs, the long-term risks and benefi ts must be taken into consideration by 
prescribers. Database systems have been set up to monitor antipsychotic adverse 
events in the children and adolescent population. Compared to other medications, it 
was reported from the FDA Adverse Event Reporting System (FAERS) that the 
atypical agents aripiprazole, risperidone, and quetiapine were among the top 20 
medications with adverse events (Lee et al.  2014 ). Some countries have established 
nationwide antipsychotic safety monitoring programs for children and adolescents 
to provide system-wide safety information for clinicians (Harrison-Woolrych et al. 
 2007 ; Rani et al.  2009 ; Palanca-Maresca et al.  2014 ).  

9.2.3     Pregnancy 

 Antipsychotic use in pregnant women continues, and information from the 
Tennessee Medicaid program reported use of the typical fi rst-generation agents 
(FGAs) decreased while prescribing of the atypical second-generation agents 
(SGAs) has increased (Epstein et al.  2013 ). For the FGAs, the incidence of use 
decreased from 7.77 to 0.99 per 1,000 pregnancies between 1995 and 2005. In con-
trast, SGAs use increased from 1.73 to 16.52 per 1,000 pregnancies between 2000 
and 2005. The specifi c warnings for atypical antipsychotic use during pregnancy 
were possible risk of abnormal muscle movements and withdrawal symptoms 
described for the mother and infant.  

9.2.4      Dementia-Related Psychosis Fatality 

 Psychosis associated with Alzheimer’s disease (PAD) forms part of the behavioral 
and psychological symptoms of dementia (BPSD) that include hallucinations, delu-
sions, agitation, paranoia, combativeness, or depression (Madhusoodanan et al. 
 2007 ). Delirium was reported to be the third most common cause of psychosis in the 
elderly characterized by thought disturbance, poverty of thinking, irrationality, and 
usually visual hallucinations (Jeste and Finkel  2000 ). Major depression was reported 
to be the second most common diagnosis in the elderly accounting for most of the 
psychosis in this population (Kyonmen and Whitfi eld  2009 ). Depression-related 
psychosis is typically characterized by themes of somatic troubles, persecution, 
guilt, and poor self-esteem. While regulatory agencies have yet to recognize BPSD 
as a disease, the diagnostic criteria for the concept of PAD could be acknowledged 
(Madhusoodanan et al.  2007 ; Jeste and Finkel  2000 ). Yet, these patients can present 
the clinician with a complex, multifactorial, and fl uctuating nature of psychotic 
symptoms (Kyonmen and Whitfi eld  2009 ; Devanand  2013 ). 

 In April 2005, the FDA issued a “black box” warning for the SGAs and for the 
FGAs in June 2008 indicating an increased risk for death in persons with dementia 
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(Kalapatapu and Schimming  2009 ). Data reported by the FDA noted a relative risk 
(RR) ratio of 1.47 and 1.68 for the SGAs and FGAs, respectively (US Food and 
Drug Administration  2014 ). A large meta-analysis study with 15 placebo-controlled 
clinical trials 10–12 weeks of duration treated with the atypical antipsychotics in 
patients with dementia reported an increased odds ratio (OR) of 1.54 [95 % C.I. 
1.06–2.23,  p  = 0.02] for death that was similar to the FDA fi ndings with a number 
needed to harm (NNH) = 87 (Schneider et al.  2005 ). A later systematic review and 
meta-analysis evaluated adverse events and divided the patients into two categories: 
elderly patients with dementia and all other nonelderly adult patients (Simoni- 
Wastila et al.  2009 ). This study examined the combined adverse events that included 
cardiovascular symptoms, edema, and vasodilatation. Risperidone (2.10, 95 % C.I. 
1.38–3.22) and olanzapine (2.30, 95 % C.I. 1.08–5.61) was found to have a higher 
OR compared to placebo for these combined symptoms. Quetiapine and aripipra-
zole were found not associated with cardiovascular outcomes. However, when anti-
psychotics were examined in an outpatient population in patients with probable 
Alzheimer’s disease for an extended time period (mean of 4.3 years), the presence 
of antipsychotic drugs was found not to increase the risk of death using time- 
dependent sensitive models (Lopez et al.  2013 ). It was reported that nursing home 
admission and death were more frequent in patients treated with FGAs than SGAs. 
But, both FGAs and SGAs were not associated with nursing home admission or 
time to death when including covariate factors such as diabetes, hypertension, pre-
existing heart disease, and cognitive and demographic variables. 

 The effi cacy of SGAs in patients with PAD ( N  = 423) was assessed with olanzap-
ine, quetiapine, and risperidone, and the main outcomes were discontinuation of 
treatment for any reason and the number of patients with at least a minimal improve-
ment on the Clinical Global Impression of Change (CIBIC) at 12 weeks (Schneider 
et al.  2006 ). Signifi cant differences were not found between the SGAs, and improve-
ment based upon CIBIC scores was found with olanzapine 32 %, quetiapine 26 %, 
and risperidone 29 % compared to placebo 21 % ( p  = 0.22). Patients treated with 
SGAs had a higher discontinuation rate due to intolerability ( p  = 0.009). The study 
reported that the overall adverse events offset the effi cacy from SGAs. While the 
risk of fatality was not an outcome, these results pose diffi cult questions for the use 
of SGAs in elderly patients with dementia that display PAD or BPSD (Maher et al. 
 2011 ). The American College of Neuropsychopharmacology (ACNP) White Paper 
noted that the two most common causes for deaths were due to cardiovascular dis-
ease or infections in this population (Jeste et al.  2008 ). Also noted that besides 
 psychosis and agitation commonly occurring in patients with dementia, these symp-
toms lead to signifi cant caregiver distress and accelerated patient placement into the 
nursing home environment. Finally, regulatory agencies have not yet “approved” 
any medications for the treatment of patients with PAD or BSPD. 

 Clinicians face unusual challenges in risk management when prescribing anti-
psychotics in this patient population. Risk management procedures recommended 
are to avoid unnecessary medications, balancing acute versus long-term risks, 
informed consent from the patient and family members, and documentation in the 
medical records (Jeste et al.  2008 ; Recupero and Rainey  2007 ). The ACNP White 
Paper recommended these 11 steps: (1) determine the etiology of psychotic symp-
toms, (2) general treatment considerations, (3) shared decision-making, (4) identify 
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specifi c target symptoms for treatment, (5) pharmacotherapy selection, (6) dose, (7) 
monitor for effi cacy, (8) monitoring for safety, (9) educate patient and caregivers, 
(10) know when to discontinue or switch pharmacotherapy, and (11) coordinate 
care among the treatment team and family members (Jeste et al.  2008 ). 

9.2.4.1     Cerebrovascular Warning 

 The FDA black box warning for SGAs in 2003 of increased fatality in patients with 
dementia-related psychosis coincided with the cerebrovascular warning (US Food 
and Drug Administration  2003 ). Cerebrovascular adverse events (CVAEs) were spe-
cifi cally noted for olanzapine, aripiprazole, and risperidone which included strokes, 
transient ischemic events, and other undetermined events thought to be vascular in 
origin. Whether or not the increased risk of fatality and CVAEs risk have similar 
mechanisms or are interrelated remains unknown, but the overall death rate was not 
overly represented by the CVAEs (Nelson  2005 ). The risk for CVAEs is higher 
among patients with vascular dementia, vascular disease, or risk factors for stroke. 
Added to the pathophysiology are potential drug-induced orthostatic hypotension 
and oversedation as both events could result in falls and aspiration pneumonia. A 
cohort study compared the OR of CVAEs between FGAs and SGAs in patients with 
dementia aged 65 years or older (Laredo et al.  2011 ). The OR for FGAs was reported 
to be 1.16 [95 % C.I. 1.07–1.27], whereas the OR for the atypical agents was 0.62 
[95 % C.I. 0.53–0.72]. The results of this study indicate that FGAs have a slightly 
higher risk for CVAEs but substantially and that SGAs appear to be safe. A large 
systematic meta-analysis reported that the SGAs were associated with an increased 
risk of stroke (pooled OR, 3.12 [95 % C.I. 1.32–8.21]) and determined the NNH = 
53. The optimal approach to care is that each patient who needs an antipsychotic 
drug must be carefully assessed with both short-term and long- term risks and ben-
efi ts. The ACNP White Paper included the CVAE assessment and noted signifi cant 
limitations of employing randomized clinical trial data and attempting to determine 
long-term patient outcome with adverse events (Jeste et al.  2008 ). The identical 11 
steps for patient assessment and treatment with SGAs in consideration of the CVAEs 
possibility were recommended in the patients with dementia-related psychosis.    

9.3     Specifi c Adverse Events 

9.3.1     Extrapyramidal Side Effects (EPS) and Tardive 
Dyskinesia (TD) 

 The advent of the SGAs was viewed as a major improvement in the pharmacother-
apy of psychotic disorders as a lower incidence of extrapyramidal side effects (EPS, 
dystonia, pseudoparkinson’s, and akathisia) was found compared to the fi rst- 
generation agents (Divac et al.  2014 ; Peluso et al.  2012 ). Although not entirely 
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EPS- free, the use of adjunctive anticholinergic medications was 30-fold lower 
among the patients treated with the atypical antipsychotics (Peluso et al.  2012 ). 
CLZ had the reported lowest EPS odds ratio (OR) of 0.3 [95 % C.I. 0.12–0.62], and 
lurasidone had the highest for the SGAs with an OR of 2.46 [95 % C.I. 155–3.72] 
(Leucht et al.  2013 ). In comparison to the FGAs, the OR for chlorpromazine and 
haloperidol was 2.65 [95 % C.I. 1.33–4.76] and 4.76 [95 % C.I. 3.70–6.04], respec-
tively (Leucht et al.  2013 ). A 17-year experience of drug-induced Parkinsonism 
from a regional pharmacovigilance center reported that antipsychotics had the high-
est incidence compared to all other drugs reported to cause this adverse event (49 % 
versus miscellaneous drugs 28.7 % and antidepressants 8.0 %) (Bondon-Guitton 
et al.  2011 ). Although other medications can cause EPS, antipsychotics (both SGAs 
and FGAs) are likeliest agents when compared to other medication classes. 

 A systematic review of long-term studies investigating the annual incidence of 
tardive dyskinesia (TD) reported a rate of 3.9 % for the SGAs and 5.5 % for the 
FGAs (Correll and Schenk  2008 ). Two risk factors were identifi ed possibly associ-
ated with an increased risk of TD – mood disorders and age (Keck et al.  2000 ). The 
observed rate of TD from a 15-year time period of atypical use on patients with 
mood or anxiety disorder was 5.9 % from a retrospective chart review of 268 patients 
(Coplan et al.  2013 ). The mean length of treatment for TD occurrence was 
28.7 months (range 1–83 months) and average chlorpromazine equivalent dose was 
350 mg (range 67–969 mg) and symptoms resolved in all but one patient when 
antipsychotics were discontinued. Most patients (90.9 %) consented to a second 
treatment with an atypical antipsychotic and did not reexperience TD. The risk of 
TD with FGAs was found to be three to fi ve times higher in patients >55 years than 
younger patients (Woerner et al.  1998 ). Two large studies in elderly patients with 
risperidone and olanzapine reported TD rates comparable to the adult population, 
but either drug had an equal or lower incidence than FGAs (Woerner et al.  2011 ; 
Kinon et al.  2014 ). Careful patient monitoring for EPS and early detection of TD in 
all patients are recommended with FGAs and SGAs.  

9.3.2     Seizures 

 Patients with schizophrenia may be more prone to seizures than the general popula-
tion (Hyde and Weinberger  1997 ). Psychotropic drugs and especially antipsychotics 
and some selected antidepressants reduce seizure threshold with a reported range of 
0.1–1.5 % in patients with psychiatric disorders versus the general population of 
0.07–0.09 % with therapeutic doses (Devinsky et al.  1991 ). Dose-dependent and 
rapid dose increase were factors reported with clozapine and chlorpromazine that 
can lower seizure threshold. The overall incidence of seizures reported with CLZ 
daily doses were <300 mg 1.0 %, 300–600 mg 2.7 %, and >600 mg 4.4 % (Devinsky 
and Pacia  1994 ). Tonic-clonic seizures were most often noted, but myoclonic sei-
zures can also occur (Pacia and Devinsky  1994 ). The FDA analysis of seizure inci-
dence from the atypical antipsychotic clinical trial data reported a standard incidence 
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ratio (SIR) of 2.05 for all antipsychotics, whereas the SIR for CLZ was found to be 
9.50 (Pisani et al.  2002 ). The Spanish Pharmacovigilance network reported a higher 
reporting odds ratio (ROR) with the SGAs versus the FGAs of 3.2 [95 % C.I. 2.21–
4.63] with the highest incidence with CLZ (94/169 of the total number of convul-
sions with SGAs) (Alper et al.  2007 ). Whether or not atypical agents possess a 
higher seizure induction compared to fi rst-generation agents should be further eval-
uated (Lertxundi et al.  2013 ).  

9.3.3      Metabolic Syndrome (MetS) 

 The MetS associated with SGAs is well known and associated with increased 
weight gain, diabetes, and hyperlipidemia (Bak et al.  2014 ). The MetS defi nition 
includes the presence of at least three of fi ve parameters – blood pressure >130/85, 
fasting blood glucose (FBS) >110 mg/dL, fasting triglycerides >150 mg/dL, HDL 
<40 mg/dL (men) or <50 mg/dL (women), waist circumference >102 cm (men) or 
>88 cm (women) (Ganguli and Strassnig  2011 ). The prevalence of MetS in the 
general population was estimated to be about 23 % compared to a higher incidence 
of 35–37 % in patients with psychiatric disorders treated with SGAs (Newcomer 
and Hennekens  2007 ; Kagal et al.  2012 ). The FDA in 2003 issued a warning regard-
ing hyperglycemia and diabetes and recommended monitoring fasting blood glu-
cose in patients with diabetic risk factors, symptoms of hyperglycemia, or diabetes 
(Mittal et al.  2013 ). The consensus panel a year later from the American Diabetic 
Association (ADA), American Psychiatric Association (APA), and the Mount Sinai 
Summit panel recommended monitoring weight, glucose, or glycosylated hemoglo-
bin and lipids every 12 weeks. Blood pressure was included every 12 weeks while 
body weight monitoring every 4 weeks and waist circumference annually (ADA 
et al.  2004 ). 

 Weight gain is among the strongest factors leading to the MetS (Papanastasiou 
 2013 ). Data from the antipsychotic registration clinical trials reported the risk for 
clinically signifi cant weight gain (≥7 % than baseline) was about ten times greater 
for olanzapine compared to placebo. Ziprasidone, aripiprazole, and paliperidone 
were only about twice the risk of placebo. Data reported on weight gain associated 
with SGAs from highest to lowest were olanzapine, quetiapine, risperidone, zipra-
sidone, aripiprazole, and paliperidone (Leucht et al.  2013 ). From the comparative 
study with the FGAs and SGAs, the latest SGA lurasidone had a low SMD (0.10, 
95 % C.I. −0.02–0.21) for weight gain and was about equal to the SMD for ziprasi-
done (0.10, 95 % C.I. −0.02–0.22) and haloperidol (0.09, 95 % C.I. −0.00–0.17) in 
producing weight gain. Asenapine SMD (0.23, 95 % C.I. 0.07–0.39) was slightly 
greater than aripiprazole (0.17, 95 % C.I. 0.05–0.28) but less than paliperidone 
(0.38, 95 % C.I. 0.27–0.48). The iloperidone SMD (0.62, 95 % C.I. 0.49–0.74) was 
above chlorpromazine (0.55, 95 % C.I. 0.34–0.76) and slightly less than clozapine 
(0.65, 95 % C.I. 0.31–0.99). Clozapine was slightly lower than olanzapine (0.74, 
95 % C.I. 0.67–0.81) in weight gain, and both agents are well known to cause MetS 
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(Leucht et al.  2013 ). The underlying pathophysiology for antipsychotics to cause 
weight gain is complex but thought to involve genetic variables that include the 
5HT2C receptor system and leptin promoter gene variants MTHFR and MC4R 
genes. Additional factors reported were HRH1, BDNF, NPY, CNR1, GHRL, FTO, 
and the AMPK gene (Kao and Muller  2013 ). Further research remains underway to 
determine biological mechanisms that infl uence antipsychotic-induced weight gain. 

 As the monitoring parameters for MetS in patients treated with SGAs were rec-
ommended, implementation remains challenging for healthcare systems. A large 
VA retrospective cohort study ( N  = 12,009) evaluated practices for monitoring MetS 
from antipsychotics between April 2008 and March 2009 (Kumra et al.  2008 ). 
Weight, glucose or Hb1Ac, and LDL cholesterol were monitored within 30 days of 
antipsychotic therapy initiation (baseline) and every 60–120 days afterward. This 
study reported that weight was the most frequently monitored. Patients without a 
schizophrenia diagnosis were less likely to be monitored. Antipsychotics with low-
est MetS risk were more likely to have weight monitored versus the higher-risk 
agents at baseline. Whereas, patients taking antipsychotics with a moderate MetS 
risk were more likely to have baseline glucose and LDL compared to low- and high- 
risk antipsychotics. The study concluded that improvements are needed and should 
be applied to all patients regardless of the antipsychotic agent being prescribed. 

 Another factor associated with antipsychotic-induced weight gain and MetS was 
age (Papanastasiou  2013 ). This fi nding can have signifi cant impact as the antipsy-
chotics are used in the elderly population. Antipsychotics can also cause weight 
gain in children and adolescents (Kumra et al.  2008 ; Kranzler and Cohen  2013 ). No 
appreciable differences were reported between men and women (Papanastasiou 
 2013 ). Waist size was found to be a useful factor in predicting MetS with a sensitiv-
ity of 79.4 % and specifi city of 78.8 % with the highest rate found with CLZ 
(Mitchell et al.  2013 ). Hospitalized patients with various psychiatric disorders were 
evaluated for MetS in which weight gain and BMI were strongly associated 
(Centorrino et al.  2012 ). Risk of MetS was also greater with polytherapy (defi ned as 
>2 antipsychotics or one plus adjunctive mood stabilizer) (Centorrino et al.  2012 ). 
Factors reported to be associated with MetS were sex, ethnicity, and martial and 
living status where patients with schizophrenia can develop quickly even within 
6 weeks of antipsychotic treatment (Papanastasiou  2013 ). 

 As the landscape of MetS associated with FGAs and SGAs became evident for 
clinicians and monitoring parameters established, the issue of prediabetes emerged 
given that patients with serious mental illnesses had increased incidences of MetS 
compared to the general population. The ADA in January 2010 published the pre-
diabetes criteria that includes impaired FBG (>125 mg/dL) or impaired glucose tol-
erance (140–199 mg/dL 2 h after 75 g of glucose) or Hb1Ac in the range of 
5.7 %–6.4 % (ADA  2010 ). Abdominal obesity, hypertension, dyslipidemia, 
decreased HDL, and or increased triglycerides are other factors that are associated 
with prediabetes. From 2003 to 2007, patients ( N  = 783) without a history of type 1 
or type 2 diabetes admitted to a psychiatric facility treated with antipsychotics were 
assessed for metabolic screening (Manu et al.  2012 ). Using the ADA 2010 criteria 
for prediabetes, 413 (52.8 %) subjects had normal glucose, while 290 (37.0 %) were 
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identifi ed as prediabetic. Newly diagnosed diabetes was found among 80 patients 
(10.2 %). Prediabetes diagnosis was established by using one criteria in 209 patients 
(72.1 %), 71 patients (24.5 %) had two criteria, and only 10 patients (3.4 %) fulfi lled 
all three criteria. An abnormal Hb1Ac identifi ed 120 of the 290 (41.4 %) of the 
prediabetic patients when used as the sole criteria. When FBS and/or Hb1Ac was 
used with the glucose tolerance test, 89.7 % of prediabetic patients were identifi ed. 
FGA and SGA use was evaluated among all patients. CLZ and olanzapine had the 
highest incidence of prediabetes and diabetes, while the other SGAs and FGAs had 
about an equal incidence. 

 MetS associated with antipsychotic treatment is an important component when 
clinicians prescribe these medications when treating patients with various psychiat-
ric conditions. The consequences of patients with prediabetes and then those who 
develop diabetes present signifi cant challenges in antipsychotic drug therapy and 
lifestyle management in balancing the risks and benefi ts of short-term and long- 
term use. MetS can lead to other signifi cant diseases like cardiovascular, cerebro-
vascular, ophthalmologic, and renal impairment with an increased morbidity and 
mortality resulting in signifi cant healthcare expenditures (Riordan et al.  2011 ).  

9.3.4     Cardiovascular 

9.3.4.1     Torsades de Pointes (TdP) 

 A meta-analysis review of 15 antipsychotics revealed that the lowest OR occurred 
with lurasidone −0.10 [95 % C.I. −0.21–0.01], a modest OR with ziprasidone of 
0.41 [95 % C.I. 0.31–0.51], and the highest OR with sertindole 0.90 [95 % C.I. 
0.76–1.02]. Other SGA agents had OR between lurasidone and ziprasidone. 
Sertindole and amisulpride had the highest OR; however, these two agents are not 
available in the USA (Leucht et al.  2013 ). From the historical perspective, in 1996, 
sertindole was under development in the USA, but due to prolonged QTc interval 
and association with 12 sudden unexplained deaths, the FDA did not grant approval. 
TdP is a malignant ventricular arrhythmia associated with syncope and sudden 
death. The primary form of TdP occurs from congenital courses either familial or 
sporadic. The secondary TdP form is usually drug-induced (Beach et al.  2013 ). 
From an electrical cardiovascular pathophysiological approach, the heart rate is 
inversely related to the QT interval and can be viewed upon an ECG. The “c” in the 
QTc accounts for a “correction” intended to remove the heart rate as a confounding 
variable. The Bazett formula is the most method QTc = QT/square root of the R-R 
interval (Beach et al.  2013 ). Clinicians should be concerned when the QTc interval 
is between 450 and 500 ms, and >500 ms has increased risk of developing TdP. 

 The risk factors for TdP include women, elderly age, electrolyte imbalance, pre-
vious history of heart disease, metabolic disorders, stroke, and medications (Beach 
et al.  2013 ; Vieweg  2003 ). As the elderly population is included, the link with deaths 
associated with dementia-related psychosis and cerebrovascular with TdP is 
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 plausible but not directly associated. Elderly patient assessment for antipsychotic 
therapy recommendations include ECG, chest x-ray, stress test, and echocardio-
gram (Narang et al.  2010 ). The echocardiogram may be considered optional, but 
periodic ECG monitoring is recommended on an individual patient basis. 

 The antipsychotics with the highest TdP risk are thioridazine and mesoridazine 
which have FDA “black box” warnings. Other agents in the high-risk group are 
droperidol, pimozide, and intravenous (IV) haloperidol (Meyer-Massetti et al. 
 2011 ). The remaining antipsychotics range from mild to moderate and little or no 
risk. Ziprasidone’s drug development led to an established protocol for antipsy-
chotic investigations to assess QTc prolongation and possible TdP including the use 
of drug-drug interaction studies with metabolic CYP inhibitors (Glassman and 
Bigger  2001 ). It was found that ziprasidone produced a modest QTc prolongation of 
6–10 ms, whereas sertindole and thioridazine prolonged QTc intervals by 20–22 ms 
and 30 ms, respectively. Although a modest QTc prolongation occurs with ziprasi-
done, it has a low association with TdP. In contrast, both thioridazine and IV halo-
peridol are associated with signifi cant QTc prolongation and possible TdP 
(Glassman and Bigger  2001 ). All other antipsychotics have less than a moderate 
association with QTc prolongation and TdP. 

 The results over a 7-year time period from 2004 to 2010 of reports from the FDA 
FAERS identifi ed 37 different antipsychotics with a reported odds ratio (ROR) 
examining cardiovascular adverse events (Poluzzi et al.  2013 ). Cardiac arrhythmias 
were detected in 4,794 cases, and three agents with the highest ROR are amisul-
pride, cyamemazine, and olanzapine. The olanzapine fi nding was surprising as 
other pharmacovigilance studies were not able to separate this agent from other 
SGAs in association with prolonged QTc intervals, TdP, or cardiac arrhythmias 
(Manu et al.  2011 ; Ozeki et al.  2010 ). The risk of sudden cardiac death and antipsy-
chotics in a Medicaid and dual eligible Medicare-Medicaid population of 459,614 
patients from fi ve different states reported that haloperidol and chlorpromazine had 
less favorable profi les. Among the SGAs, risperidone, quetiapine, and olanzapine 
had lower risks of sudden death (Leonard et al.  2013 ).  

9.3.4.2     Myocarditis 

 Myocarditis is an uncommon but potentially life-threatening condition. Clozapine 
(CLZ) has been known to cause myocarditis with the total number of cases that 
exceeds all other antipsychotics combined together (Coulter et al.  2001 ). The total 
number of cases reported from this study for myocarditis from CLZ was 231 cases 
versus 89 cases from all other antipsychotics. The incidence of CLZ-induced myo-
carditis ranges between 1 in 1,000 and 1 in 10,000 patients with 213 cases (includ-
ing 50 fatalities) that occurred in the fi rst 2 months of therapy (Berardis et al.  2012 ). 
CLZ dose was an independent factor. Recommendations for myocarditis detection 
includes weekly ECGs, C-reactive protein (CRP), and troponin laboratory testing 
matched with vital signs and clinical symptomatology for the fi rst 4 weeks of CLZ 
therapy (Berardis et al.  2012 ; Munshi et al.  2014 ). Afterward, vital signs and clinical 
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symptoms can be closely followed for the next few months. If the patient’s heart rate 
becomes ≥120 bpm or increases by >30 bpm with symptoms of shortness of breath, 
chest pain, cough, and myalgia, laboratory CRP and troponin should be obtained 
and if needed a cardiology consult.   

9.3.5     Hematologic 

 Hematological disorders have been associated with both the FGAs and SGAs that 
include leukopenia, neutropenia, agranulocytosis, thrombocytopenia, and anemia 
(Flanagan and Dunk  2008 ). Drug-induced neutropenia usually occurs after 
1–2 weeks of treatment and agranulocytosis typically appears 3–4 weeks with the 
exception of CLZ (Nooijen et al.  2011 ). Of all the antipsychotics, CLZ is the most 
well recognized for hematological adverse events and extensively studied. The 
CLZ-induced agranulocytosis is estimated to occur at 1:10,000 with the weekly 
complete blood count (CBC) monitored for the fi rst 18 weeks and then every 
2 weeks afterward. In the USA, CBC occurs weekly for the fi rst 6 weeks and then 
every 2 weeks (Cohen et al.  2012 ). Regulatory agencies required CBC monitoring 
programs when CLZ was prescribed. The mechanism for CLZ-induced agranulocy-
tosis remains unknown, but formation of a nitrenium cation metabolite from the 
fl avin-containing monoxygenase-3 (FMO3) is suggested to be the initial step for 
hematological toxicity (Flanagan and Dunk  2008 ; Nooijen et al.  2011 ). A strong 
genetic component is noted with the HLA-DQB1 haplotype that may allow for 
identifying a patient subset at exceptionally high risk (5.1 % positive predictive 
value). This fi nding also occurs with carbamazepine especially patients of Jewish 
ethnicity in which biomarkers HLA-B38, DR4, and DQw3 provide a positive signal 
for potential CLZ-induced agranulocytosis (Flanagan and Dunk  2008 ). Any CLZ- 
treated patient that develops a fever or infection such as laryngitis should be imme-
diately evaluated for possible agranulocytosis and consider immediate medication 
discontinuation. 

 The incidence of CLZ-induced agranulocytosis varied from 3.8 % to 8 % from 
four studies that included 130,133 patients. The mortality rate was 0.1–0.3 % and 
case-fatality rate was 2.2–4.2 % (Cohen et al.  2012 ). The Australian monitoring 
program reported 209 cases of CLZ-induced white blood cell defi ciency (WBCD) 
between 2006 and 2010. The program reported with CLZ from 1993 to 2011; 141 
cases of CLZ-induced agranulocytosis were recorded (Cohen and Monden  2013 ). 
With US data, the incidence of CLZ-induced agranulocytosis was reported to dra-
matically decrease after 18 weeks from 3.39–6.93/1,000 patient-years to 0.37–
0.40/100 patient-years; agranulocytosis can still occur even years after CLZ 
initiation with a recommendation for quarterly CBC monitoring beyond the initial 
18 weeks (Drew  2013 ). Treatment for CLZ-induced agranulocytosis includes sup-
portive therapy, use of antibiotics, and GM-CSF or G-CSF (Flanagan and Dunk 
 2008 ). The use of antibiotics signifi cantly lowered the mortality of almost 80 to 
5–10 % in Western countries (Nooijen et al.  2011 ).  

M.W. Jann and W.K. Kennedy



179

9.3.6     Prolactin-Related Adverse Events 

 Hyperprolactinemia (HPRL) is a well-known common adverse event from antipsy-
chotics since the 1970s. The standardized mean difference (SMD) on prolactin 
effects for the various agents reported the lowest with aripiprazole 0.22 [95 % C.I. 
−0.46–0.03] and the highest with paliperidone 1.30 [95 % C.I. 1.08–1.51]. 
Haloperidol and chlorpromazine were registered at 0.70 [95 % C.I. 0.56–0.85] (-) 
and 0.16 [95 % C.I. −0.48–0.8], respectively (Leucht et al.  2013 ). A comprehensive 
article on antipsychotic-induced HPRL was recently published (Peuskens et al. 
 2014 ). Antipsychotic-induced HPRL was associated with dopamine receptor sub-
type 2 (D2) antagonism at the anterior pituitary gland with changes in serum prolac-
tin concentrations the same between adults and children and adolescents. HPRL 
increases are dose related but for RIS and paliperidone, and a small dose increase 
may lead to a profound impact compared to other antipsychotics. As D2 receptor 
antagonism is associated with HPRL, other endocrine effects are also included such 
as galactorrhea, amenorrhea, and gynecomastia (Peuskens et al.  2014 ). Data mining 
from the FDA Adverse Event Reporting System (AERS) for these endocrine prob-
lems associated with antipsychotics was conducted for the time period between 
January 1968 and May 2005 (Szarfman et al.  2006 ). A total of 1,530 cases of endo-
crine problems were reported, and risperidone accounted for the vast majority of 
these adverse events (1,247 cases, 81.5 %). The total number of pituitary tumors 
was 77 case reports, and risperidone had the vast majority with 54 cases (70 %). As 
a group, SGAs cause a lesser elevation in prolactin levels than FGAs except RIS and 
paliperidone with a class warning for this condition included in their regulatory 
labeling (Peuskens et al.  2014 ). HPRL may be associated with sexual dysfunction; 
however, matching clinical symptoms and ruling out other medical conditions and 
medications (besides the antipsychotics) need to be included in patient assessment.  

9.3.7      Neuroleptic Malignant Syndrome (NMS) 

 NMS is a rare and idiosyncratic reaction reported with both FGAs and SGAs 
reported to occur between 0.02 % and 0.25 % of patients (Trollor et al.  2012 ; Zarrouf 
and Bhanot  2007 ; Guanci et al.  2012 ). Diagnosis of NMS consists of hyperthermia 
(>100.4 °F or 38 °C on at least two occasions), muscle rigidity, and two of following 
symptoms: diaphoresis, dysphagia, incontinence, altered consciousness, hyperten-
sion (≥25 % above baseline), mutism, labile blood pressure (≥20 mmHg diastolic; 
≥ 25 mmHg systolic), creatine kinase (CK) increase (>4 times the upper normal 
limit), tachypnea (≥50 % above baseline), and tremor or tachycardia (≥25 % above 
baseline) (Guanci et al.  2012 ). NMS from antipsychotics was recognized since the 
late 1970s (Gurrera et al.  2011 ). The Australian Adverse Drug Reaction Advisory 
Committee (ADRAC) identifi ed 208 NMS cases from both FGAs ( N  = 43) and 
SGAs ( N  = 165) from April 1994 to September 2010 (Trollor et al.  2012 ). The 
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overall mortality rate was 5.8 % which is below the 10 % from the historical large-
case series (Caroff  1980 ). The SGA mortality rate was 3.0 % and lower than the 
16.3 % with the FGAs (Trollor et al.  2012 ). CLZ-induced NMS had less muscle 
rigidity than other antipsychotics and could be related to its pharmacologic profi le 
of weak D2 but potent 5-HT receptor binding affi nity (Trollor et al.  2012 ). The 
antipsychotic NMS adverse effect statement is found in the regulatory literature as 
a class warning. Additional factors reported that can increase NMS risk were use of 
polypharmacy (>2 antipsychotics) and rapid dose escalation (Su et al.  2014 ; Langan 
et al.  2012 ). NMS symptom duration was reported to be about 7–10 days and longer 
when depot antipsychotics are involved. The time period for NMS onset was found 
to be 16 % in the fi rst 24 h of antipsychotics therapy, 66 % within the fi rst week, and 
all cases by 30 days (Caroff and Mann  1988 ). NMS treatment involves the support-
ive therapy, use of benzodiazepines, dopamine agonists, and dantrolene (Caroff and 
Mann  1993 ).  

9.3.8     Rhabdomyolysis (Rhab) and Acute Kidney Injury (AKI) 

 Rhab ensues from damaged skeletal muscle fi ber breakdown that results in the 
release of toxic products from myocytes into the systemic circulation. The mecha-
nism of antipsychotic-induced Rhab remains unknown (Packhard et al.  2014 ). 
Although Rhab is commonly associated with NMS (see Sect.  3.7 ), Rhab can occur 
independently of NMS. Besides in the adult population, Rhab was reported to occur 
in children and adolescents treated with antipsychotics, and only six cases of NMS 
occurred among the 26 Rhab reports (Star et al.  2012 ). Signifi cant elevations in 
serum CK are often present in patients with Rhab with laboratory fi ndings 
>5,000 IU/L (median 9,600 IU/L), whereas in NMS, the serum CK was lower and 
ranged from 500 to 3,000 IU/L (Melzter et al.  1996 ). Rhab and acute renal failure 
were noted to occur in case reports since in the 1980s it was initially associated with 
antipsychotic overdoses (Tam et al.  1980 ). However, later case reports included low 
to modest antipsychotic doses (Stephanie and Trenkwalder  2010 ). Clinical symp-
toms that preceded recognition of Rhab were muscle and abdominal pain, general-
ized weakness, and dark urine (Packhard et al.  2014 ). The pathophysiology of 
antipsychotic-induced Rhab may be associated with increased skeletal muscle 
membrane permeability involving the 5HT2A receptor antagonism (Packhard et al. 
 2014 ). Blockade of the 5HT2A receptor may impact glucose uptake in the skeletal 
muscle increasing CK permeability leading to the muscle breakdown. An alterna-
tive mechanism involves the D2 receptor system where excessive muscle stiffness 
and rigidity also lead to muscle breakdown. At this time, Rhab has been reported 
with each antipsychotic agent except the newer agents lurasidone, asenapine, and 
iloperidone as only time on the market for these agents will determine whether or 
not Rhab occurs. Two risk factors were identifi ed as contributing to Rhab that 
included polytherapy (>2 antipsychotics) and dose as most of the reported cases 
took place with antipsychotic overdose situations (Packhard et al.  2014 ). 
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 A large population-based, retrospective cohort study in the elderly (>65 years, 
 N  = 97,777) who received a prescription for a SGAs was matched with patients who 
did not receive this class of medication to examine the risk of AKI (Hwang et al. 
 2014 ). AKI is defi ned as a sudden loss of renal function and can be attributed to 
hypotension, acute urinary retention, and NMS or Rhab. Patients with an SGA pre-
scription from June 2003 to December 2011 were included and followed for 90 days 
after the antipsychotic start date. The primary outcome was hospitalization with 
AKI. The secondary outcomes were known causes of AKI and all-cause mortality. 
AKI was defi ned as a median increase in serum creatinine level of 1.11 mg/dL 
(interquartile range of 0.49–2.26 mg/dL) at the time of hospitalization, by an abso-
lute increase of serum creatinine level of 0.31 mg/dL or >50 % increase from base-
line. Patients were matched with others who did not receive antipsychotic 
medications, and analysis was conducted where patients were coded for AKI pres-
ence and where possible included the serum creatinine values. The relative risk 
(RR) for hospitalization with AKI was 1.73 [95 % C.I. 1.55–1.92] for patients tak-
ing SGAs. In patients with information on serum creatinine levels, a higher risk for 
AKI was found in patients with SGA use with an RR of 1.70 [95 % C.I. 1.22–2.38]. 
The all-cause mortality was higher in patients taking SGAs than nonrecipients 
(6.8 % versus 3.1 %) which was similar to the randomized clinical trials reported by 
the FDA in 2005 (See Sect.  2.4 ). It was recommended that proactive patient clinical 
monitoring after SGA initiation with serum creatinine be included. If a patient com-
plains of urinary diffi culty, a bladder scan to detect urinary retention must be con-
ducted. If AKI is suspected with SGAs, prompt drug discontinuation is suggested.  

9.3.9     Gastrointestinal Hypomotility and Pancreatitis 

 FGAs and SGAs with highly potent anticholinergic pharmacologic properties are 
thought to be the mostly likely agents to induce GI hypomotility (Richelson  1999 , 
 2010 ; Richelson and Sounder  2000 ). A pharmacovigilance study collected data 
from 1997 to 2006 and identifi ed 27 GI hypomotility cases from FGAs and SGAs. 
Intestinal colitis was reported in 57 cases that included a variety of FGAs and SGAs 
with phenothiazines having the highest incidence of 33 cases. Other antipsychotics 
reported were: haloperidol 9 cases and CLZ 7 cases, and all other SGAs reported a 
total of 11 cases (Peyriere et al.  2009 ). Ischemic colitis occurred in 10 patients and 
24 required surgery. Of the 27 cases, 14 fatalities were reported with 6 cases during 
surgery and only 6 patients fully recovered. Other concomitant medications with 
anticholinergic properties were found in 68.4 % of the patients. An analysis of 102 
cases of CLZ-induced GI hypomotility (CIGH) was conducted with published 
reports from 1950 to 2007 (Palerm et al.  2008 ). The mortality rate was 27.4 % and 
mostly due to bowel resection surgery. The risk factors for GI hypomotility included 
high CLZ dose or serum concentrations, concomitant anticholinergic use, and prior 
history of GI disturbances. An additional pharmacologic mechanism for CIGH was 
suggested to include the serotonergic (5HT) system with the 5HT2, 5HT3, and 
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5HT7 receptor subtypes that infl uence GI smooth muscle, colon transit, and visceral 
sensation. As antipsychotic-induced GI hypomotility is a very rare but potentially 
fatal adverse event, clinicians need to be especially aware of a patient reporting 
constipation that continues unabated and when other drugs with anticholinergic 
activity are included in the patient’s treatment. 

 Acute pancreatitis is another rare but potentially fatal adverse event due to anti-
psychotic and is listed in the USA Physician’s Desk Reference (PDR) for CLZ, 
OLZ, and RIS (Hauben  2004 ; Koller et al.  2003 ; Kawabe and Ueno  2014 ). The 
laboratory tests that assist in diagnosis are increased serum levels of amylase and 
lipase with the clinical symptoms of GI pain, nausea, vomiting, and high fever. Most 
cases occurred within 6 months of treatment initiation but rare cases have been 
reported afterwards (Hauben  2004 ). The FDA Medwatch surveillance system had 
reported 192 cases of antipsychotic-induced pancreatitis with 22 fatalities (Koller 
et al.  2003 ). The antipsychotics reported and their occurrence were CLZ 40 %, OLZ 
30 %, RIS 16 %, and haloperidol 12 %. Concomitant valproate use was found in 
23 % of the cases with additional laboratory fi ndings of hyperglycemia and meta-
bolic acidosis. A data mining study using Bayesian analysis failed to detect a signal 
of disproportional of pancreatitis with these three atypical antipsychotics (Hauben 
 2004 ). Nevertheless, clinicians should be aware of this serious medical condition 
when prescribing antipsychotics.   

9.4     Patient Safety Monitoring 

 Patients with psychotic symptoms pose a tremendous challenge for clinicians to 
provide short-term and long-term benefi ts while balancing risks and potential 
adverse side effects. Selection of antipsychotic agent is based upon the patient’s 
history, medical conditions, and use of other concurrent medications to treat the 
medical conditions. The antipsychotic pharmacological profi le shown in Table  9.1  
provides a basic overall information regarding the extrapyramidal side effects, anti-
cholinergics, sedation, and orthostatic hypotensive properties in which to monitor 
patients for these adverse effects. However, antipsychotics can have a wide spec-
trum of potential adverse events displayed in Table  9.2 . Antipsychotic use in special 
populations that include the elderly, children, and adolescents must be carefully 
examined. In the elderly, the increased risk of fatalities and cerebrovascular events 
must be balanced with effi cacy and appropriate documentation of the antipsychotic 
usage. The potential long-term consequences of antipsychotic treatment in children 
and adolescents can lead to an increased continuum of care to minimize potential 
adverse effects compared to the adult and elderly populations.

   Clinical observations and early symptom detection of potential adverse effects 
with antipsychotics are foundational methods that minimize patient risk and 
increases safety. A comprehensive baseline laboratory assessment including ECGs 
should be included when antipsychotics are initiated. If clinicians wish to add a 
quantitative approach to patient monitoring for extrapyramidal side effects (e.g., 
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pseudoparkinson’s, akathisia, and tardive dyskinesia), the use of standardized 
patient rating scales can be periodically and systematically used (Simpson and 
Angus  1970 ; Barnes  1989 ; Guy  1976 ). Although specifi c guidelines for routine 
patient monitoring with rating scales have not been established for EPS, assess-
ments every 3–6 months can be employed. Unlike EPS, specifi c recommendations 
and guidelines for monitoring patients regarding MetS have been established (See 
Sect.  3.3 ). ECG monitoring to reduce the risk of TdP and identify prolonged QTc 
intervals can be accomplished with consideration of incorporating patient’s past 
medical history, age, and other medications known to increase QTc interval. If clo-
zapine is selected for a patient, specifi c hematologic monitoring recommendations 
for <1 year are established. Long-term periodic CBC monitoring >1 year must con-
tinue with clozapine. Besides the CBC monitoring, clozapine-treated patients 
should be assessed for the potential of myocarditis and gastrointestinal colitis. The 
potential for NMS and pancreatitis can occur with any antipsychotic, and clinicians 
need to be vigilant in detecting early clinical symptoms. 

 A special notation needs to be presented regarding long-acting depot antipsy-
chotic administration as a “black box” warning for postinjection delirium/sedation 
syndrome (PDSS) that regulatory agencies have required patients treated with 

   Table 9.2    Summary of adverse events and the associated clinical assessment and/or laboratory 
tests   

 Adverse event  Clinical assessment and/or laboratory tests 

 Dementia-related psychosis fatality  Clinical assessment of benefi ts versus risk 
 Cerebrovascular risk  Clinical assessment of benefi ts versus risk 
 Extrapyramidal side effects  Clinical observation 
   Pseudoparkinson’s  Simpson-Angus Scale (SAS) 
   Akathisia  Barnes Akathisia Rating Scale (BARS) 
   Tardive dyskinesia  Abnormal Involuntary Movement Scale (AIMS) 
 Seizures  Clinical assessment of benefi ts versus risk – clozapine 

dose and rate of titration 
 Metabolic syndrome  Body weight, FBS, blood pressure, lipid profi le, and 

waist circumference 
 Cardiovascular  Vital signs and clinical symptoms 
 Torsade de pointes  Electrocardiograph (ECG) monitoring; QTc <500 ms 
   Myocarditis  Clozapine-treated patients – ECGs, CRP, and troponin 
 Hematologic  Vital signs, fever, sore throat, and infection. Complete 

blood counts with differential – especially with 
clozapine-treated patients 

 Prolactin  Clinical symptoms and prolactin serum concentrations 
 Neuroleptic malignant syndrome  Hyperthermia (>38 °C), muscle rigidity, diaphoresis, 

dysphagia, hypertension, serum creatine kinase (>4 times 
upper limit), tachypnea, tremor, or tachycardia 

 Gastrointestinal colitis  Constipation – especially with clozapine-treated patients 
and use of other anticholinergic drugs 

 Pancreatitis  Hyperglycemia, serum amylase, metabolic acidosis 

   FBS  fasting blood glucose,  CRP  C-reactive protein  
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 olanzapine pamoate be observed for 3 h after each injection administration (Alphs 
et al.  2011 ). The PDSS symptoms include excessive sedation, altered conscious-
ness, slurred speech, and lethargy in which the patient may need to be taken to a 
hospital’s emergency department for close monitoring (Alphs et al.  2011 ; Detke 
et al.  2010 ). A 6-year multinational study ( N  = 931 patients) who received depot 
olanzapine pamoate injections ( N  = 45,662) noted 36 (0.08 %) PDSS occurrences in 
35 patients. One patient experienced two events and no fatalities were reported. All 
patients recovered within 72 h postinjection. The PDSS events occurred at different 
ages and BMIs without any signifi cant identifying factors (McDonnell et al.  2014 ). 
Thus, the recommendation for retaining the patient at the facility for 3 h remains 
intact as PDSS can occur at any injection in any patient while being treated with 
depot olanzapine pamoate injection. The PDSS has not been found with any other 
long-acting depot antipsychotic products and is recommended to avoid accidental 
injection into the blood vessel (Alphs et al.  2011 ; Novakovic et al.  2013 ).  

9.5     Conclusions 

 FGAs and SGAs continue to be used in the management of patients with various 
psychiatric conditions. The use of these agents in the elderly are “off-label” as regu-
latory agencies have not yet recognized psychosis associated with Alzheimer’s dis-
ease as a psychiatric or medical disorder. When antipsychotics are prescribed in 
children and adolescents, their usage has expanded in addition to the various psychi-
atric illnesses to include other disorders such as autism. Clinicians must always 
balance the benefi ts and risks when prescribing these agents especially in the elderly, 
children, and adolescents. Appropriate individual patient safety monitoring for 
potential adverse events should be implemented by clinicians taking into consider-
ation each antipsychotic pharmacologic and safety profi le while matching the 
patient characteristics. Pharmacovigilance surveillance studies and data can provide 
important information on specifi c adverse event features, patterns of clinical symp-
toms, severity of the events, and where applicable, fatality rates of various antipsy-
chotic agents. Healthcare systems at the local, regional, or national levels may wish 
to employ patient safety monitoring programs for antipsychotics based upon phar-
macovigilance studies.     
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    Chapter 10   
 Safety and Tolerability of Anxiolytics/
Sedative-Hypnotics                     

       Vincenzo     Arcoraci      and     Edoardo     Spina    

    Abstract     A variety of pharmacological agents are currently available for the 
treatment of anxiety disorders and insomnia. The adverse event profi le of selective 
serotonin reuptake inhibitors (SSRIs) and serotonin and noradrenaline reuptake 
inhibitors (SNRIs), fi rst-line drugs for the treatment of many anxiety conditions, 
is discussed in Chap.   8    . Benzodiazepines are still valuable in the management of 
anxiety disorders and transient insomnia. Tolerability and safety issued associated 
with benzodiazepines includes sedation, memory and psychomotor impairment 
and reduced driving performance. As stated in international guidelines, benzodi-
azepine treatment should be of short duration not exceeding 3 months, as continu-
ous use of benzodiazepines can lead to abuse and dependence. In addition, recent 
fi ndings suggest that long-term use of benzodiazepines in the elderly may increase 
the risk of developing Alzheimer’s disease. Moreover, warnings released by 
European Medicines Agency (EMA) and Food and Drug Administration (FDA) 
advised that two benzodiazepines, tetrazepam and clobazam, may cause serious 
skin events, including Stevens-Johnson syndrome and toxic epidermal necrolysis. 
Emerging evidence indicates that pregabalin, a pharmacological agent approved 
for the treatment of generalized anxiety disorder, also has the potential to lead to 
abuse and dependence. Recent data in elderly patients has highlighted potential 
safety concerns of non-benzodiazepine hypnotics, the so-called Z-drugs, includ-
ing zolpidem, specifi cally with regard to effects on balance and memory and on 
fracture risk.  
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10.1         Introduction 

 A variety of agents and drug classes provide anxiolytic and sedative-hypnotic 
effects. Benzodiazepines are still among the most widely prescribed agents for the 
management of anxiety and insomnia. However, there is great concern regarding 
long-term use of benzodiazepines due to their potential for dependence and abuse as 
well as negative effects on memory and cognition (Lader  2014 ). Therefore, other 
drugs, which generally have fewer side effects and lower addiction potentials, have 
gradually replaced benzodiazepines. Selective serotonin reuptake inhibitors (SSRIs) 
and serotonin and noradrenaline reuptake inhibitors (SNRIs) are licenced for the 
treatment of many anxiety conditions such as generalised anxiety disorder, panic 
disorder, social phobia and obsessive-compulsive disorder. According to recent 
guidelines, these agents are fi rst-line treatment for most types of anxiety disorders 
(Bandelow et al.  2012 ; Baldwin et al.  2014 ). The tolerability and safety profi le of 
these agents are covered in Chap.   8    . Buspirone, an azapirone acting on the serotonin 
system, has been available for nearly 30 years to treat generalised anxiety disorders 
and appears to be useful especially in patients who have not been previously on a 
benzodiazepine (Chessick et al.  2006 ). The antiepileptic and antineuropathic pain 
agent pregabalin has been also approved for the treatment of generalised anxiety 
disorder in the EU since 2006 (Frampton  2014 ). The non-benzodiazepine drugs 
zopiclone, eszopiclone (not licenced in the European Union), zolpidem and 
zaleplon, commonly known as Z-drugs, have been developed as hypnotics with 
improved pharmacokinetics and better tolerability profi le in comparison to benzodi-
azepines, the traditional treatments for insomnia (Gunja  2013 ). 

 In this chapter, we will review the various adverse effects associated with the use 
of benzodiazepines, buspirone, pregabalin and non-benzodiazepine hypnotics.  

10.2     Benzodiazepines 

 Benzodiazepines have been widely used in clinical practice for over fi ve decades 
and continue to be among the most commonly prescribed agents to treat anxiety and 
insomnia (Greenblatt  2011 ). All benzodiazepines have anxiolytic, hypnotic, muscle 
relaxant, and anticonvulsant properties. The various compounds differ in their 
potency and effi cacy with regard to each of the pharmacodynamic actions. All the 
effects of benzodiazepines are mediated by their interaction with specifi c binding 
sites (benzodiazepine receptors) located on the ionotropic GABA-A receptors, but 
distinct from GABA binding site. The binding of benzodiazepines to their receptors 
causes an allosteric modifi cation of the GABA-A receptor that results in an enhanced 
neurotransmitter affi nity for its receptor and an increased frequency of channel- 
opening events thereby leading to an increase in chloride ion conductance and inhi-
bition of the action potential. 

 Benzodiazepines are generally viewed as safe and effective for short-term use, 
although cognitive impairment and paradoxical effects such as aggression or 
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 behavioural disinhibition occasionally occur (Lader  2011 ). A minority of people 
can have paradoxical reactions such as worsened agitation or panic. Long-term use 
is controversial due to concerns about adverse psychological and physical effects, 
decreasing effectiveness, physical dependence and withdrawal. Due to adverse 
effects associated with the long-term use of benzodiazepines, withdrawal from ben-
zodiazepines, in general, leads to improved physical and mental health. Elderly 
patients are at an increased risk of suffering from both short- and long-term adverse 
effects (Gould et al.  2014 ; Paquin et al.  2014 ). 

10.2.1     Short-Term Effects 

10.2.1.1     Sedation 

 Sedation is the most common subjective effect of benzodiazepines. Tolerance may 
develop within a few weeks of starting treatment, but some residual effects as 
increased alertness is reported by patients on stopping treatment with benzodiaze-
pines (Curran et al.  2003 ). At higher doses, unsteadiness, slurring of speech and 
disorientation indicate over-sedation particularly when benzodiazepines are com-
bined with alcohol (Lader  2014 ).  

10.2.1.2     Psychomotor Impairment 

 Benzodiazepines generally have consistent psychomotor effects in short- and long- 
term use (Woods et al.  1992 ). They impair the performance of simple and more 
complex tasks. This effect is due to alteration in the speed of execution, because 
persons taking benzodiazepines tend to slow down in order to maintain accuracy of 
performance. Benzodiazepines also impair the performance of simple tasks requir-
ing heightened attention. Despite the possible development of tolerance to effects 
such as sedation and impaired psychomotor performance, impaired performance of 
simple repetitive tasks may persist for periods of up to 1 year (Lader  2011 ). On the 
other hand, the ability to perform tests of attention may remain impaired after sev-
eral years of treatment in long-term benzodiazepine users as compared to 
non-users.  

10.2.1.3    Learning and Memory Impairment 

 The short-term use of benzodiazepines signifi cantly impairs multiple areas of cog-
nition, including learning and memory (Lader  2011 ). These cognitive effects are 
enhanced when benzodiazepines are taken concomitantly with alcohol. Memories 
formed before drug administration (retrograde memory) are not impaired, but the 
formation of new memories after benzodiazepine use (anterograde memory) can be 
signifi cantly impaired by benzodiazepines. The more complex a memory is, e.g. 
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memory regarding high task complexity and delay in recall, the greater the effect of 
benzodiazepines on memory formation is expected to be. It should be noted that 
there are differences between the propensities of individual benzodiazepine drugs to 
impair memory formation. The majority of benzodiazepines do not affect implicit 
memory or priming, but lorazepam was found to impair these aspects of memory 
formation (Curran et al.  1994 ). After months or even years of stopping treatment, 
the effects of benzodiazepines on episodic memory may still be noticeable and were 
not reversed by the action of fl umazenil, a GABA-A receptor antagonist (Gorenstein 
et al.  1994 ). Findings from a meta-analysis suggest that benzodiazepine users per-
form worse on most of cognitive tasks assigned, in particular those requiring the use 
of verbal memory, compared to non-users (Barker et al.  2004 ). It should be noted 
however that the studies included in the meta-analysis were very diverse with 
respect to length of use, dosage and diagnosis.  

10.2.1.4    Falls and Hip Fractures 

 The use of benzodiazepines, as well as other sedative drugs, is often associated with 
falls and hip fractures, particularly in elderly patients (Ray et al  1989 ). Due to 
increased sedation and cognitive/psychomotor impairment, benzodiazepines 
increase the likelihood of falls, which are commonly the cause of hip fracture, a 
devastating event in the life of an older person. 

 An early meta-analysis of observational epidemiological studies found that use 
of benzodiazepines was associated with a 50 % increased risk of falling (Leipzig 
et al.  1999 ). A more recent Bayesian meta-analysis has substantially confi rmed this 
fi nding (Woolcott et al.  2009 ). Cumming and Le Couteur ( 2003 ) provided a detailed 
review of epidemiological studies on the relationship between the use of benzodiaz-
epines and the risk of hip fracture. The results of these studies were somewhat 
inconsistent, and this was almost entirely explained by research design. The studies 
that did not fi nd an association between the increased risk of hip fracture and the use 
of benzodiazepines were nearly all hospital-based case-control studies. These types 
of studies are susceptible to confounding due to the diffi culty of fi nding a suitable 
control group. Apart from the hospital-based case-control studies, all of the remain-
ing seven studies included in the meta-analysis found that benzodiazepines use was 
associated with an increased risk of hip fracture, except one. No evidence was found 
to support a differential risk of hip fracture associated with short- or long-acting 
benzodiazepines. The use of higher benzodiazepine doses and the incident use of 
benzodiazepines were associated with the highest risk of hip fracture. Some pre-
liminary evidence was found that benzodiazepines which are substrates for oxida-
tion in the liver may be associated with a higher risk of hip fracture in the oldest old. 

 A recent meta-analysis including 25 studies (19 case-control studies and 6 cohort 
studies) investigated the association between use of benzodiazepines and risk of 
fractures (Xing et al.  2014 ). In general, the meta-analysis indicated that benzodiaz-
epine use was associated with a signifi cantly increased risk of fracture (relative risk 
(RR) = 1.25; 95 % confi dence intervals (CI), 1.17–1.34;  p  < 0.001). A higher  fracture 
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risk associated with benzodiazepine use was observed in persons ≥65 years old 
(RR = 1.26; 95 % CI, 1.15–1.38;  p  < 0.001). When only hip fractures were consid-
ered the outcome of interest, the risk ratio increased to 1.35. A subgroup meta- 
analyses did not fi nd any signifi cant association between long-acting benzodiazepine 
use and risk of fractures (RR = 1.21; 95 % CI, 0.95–1.54;  p  = 0.12). Adjusting for 
publication bias, the association between benzodiazepine use and the risk of frac-
ture remained but was slightly weaker (RR = 1.21; 95 % CI, 1.13–1.30) and signifi -
cant. The results of this meta-analysis demonstrated that the use of benzodiazepines, 
especially short-acting ones, is associated with a moderate and clinically signifi cant 
increase in fracture risk. 

 In conclusion, evidence from pharmacoepidemiological studies strongly sug-
gests that the use of benzodiazepines by elderly people increases their risk of hip 
fracture by up to half. Given the serious sequelae of hip fracture among older people 
(including the risk of death), the use of benzodiazepines in this population should 
be avoided and older persons already using benzodiazepines should have them 
tapered off.  

10.2.1.5    Complex Skills and Driving 

 Sedation and impaired psychomotor function may infl uence the ability to drive or 
operate machinery (Leung  2011 ). Both simulated driving performance and actual 
driving ability can be impaired and accidents are more likely. Early epidemiological 
studies have confi rmed that road traffi c accidents involving injury or death are asso-
ciated with the use of sedative drugs (Barbone et al.  1998 ), and this appeared to be 
related to dose, increased age and concomitant use of alcohol (Hemmelgarn et al. 
 1997 ). A systematic literature review has confi rmed that exposure to benzodiaze-
pine increases the risk of traffi c accidents (Smink et al.  2010 ). In particular, the 
greater accident risk seems to be associated with the use of long half-life benzodi-
azepines, increasing dosages in the fi rst few weeks of use. A meta-analysis of stud-
ies from 1966 to 2000 concluded that benzodiazepines were associated with a 
60–80 % higher the risk of accidents (Dassanayake et al.  2011 ). The impaired abil-
ity to drive was often related to long plasma half-lives of hypnotics, with few excep-
tions. Daytime anxiolytics were found to impair driving independently of their 
half-lives. Alcohol signifi cantly potentiates the detrimental effects of benzodiaze-
pines on driving (Maxwell et al.  2010 ; Orriols et al.  2011 ).  

10.2.1.6    Paradoxical Effects 

 Although benzodiazepines are traditionally prescribed as anxiolytic and sedating 
agents, they may cause paradoxical effects characterised by increased talkativeness, 
emotional release, excitement, excessive movement and even hostility, rage, aggres-
sion and violence (Mancuso et al.  2004 ). The patient may have complete or partial 
amnesia for the event. Paradoxical reactions to benzodiazepines are relatively 
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uncommon and occur in less than 1 % of patients. The pathophysiology behind 
these reactions is poorly defi ned. However, several risk factors such as age, genetic 
predisposition, alcoholism and psychiatric and/or personality disorders have been 
identifi ed. Children and older patients are more likely to experience paradoxical 
reactions with benzodiazepines compared to other patients. It has been speculated 
that these patients may have a different pharmacodynamic response to benzodiaze-
pines. However, the exact differences have not been specifi cally described in the 
literature. Some patients may have differences in the benzodiazepine-GABA- 
chloride receptor at the genetic level, such changes may result in an abnormal phar-
macodynamic response. There are multiple allelic forms of benzodiazepine 
receptors, resulting in different affi nities for benzodiazepine drugs. Alcohol has 
been found to increase the risk of benzodiazepine-associated violence and aggres-
sion (Daderman and Lidberg  1999 ). High-risk patients include those with border-
line personality disorders, impulse control disorder, history of substance abuse and 
persistent alcohol problems (Mancuso et al.  2004 ). Disinhibition as a result of seda-
tive drugs is related to the type of benzodiazepine used, the dose and the mode of 
administration (Bond  1998 ). Preoperative intravenous administration of high doses 
of high-potency benzodiazepines poses a particularly enhanced risk of 
disinhibition. 

 Paradoxical excitement is an unwanted effect which also has possible legal 
implications (Paton  2002 ). This disinhibition associated with benzodiazepines can 
produce increased anxiety, acute excitement and hyperactivity. Aggressive impulses 
may be triggered with the emergence of hostility and rage; criminal acts such as 
assault and rape have been recorded.   

10.2.2     Long-Term Effects 

10.2.2.1    Risk of Dementia 

 While the acute effects of benzodiazepines on memory and cognition are well docu-
mented, the possibility that they increase risk of dementia is still debated. Studies 
investigating the association between the use of benzodiazepines and cognitive 
decline or dementia in elderly patients have given confl icting results (Verdoux et al. 
 2005 ). Some found an increased risk of dementia or cognitive impairment in benzo-
diazepine users (Lagnaoui et al.  2002 ; Paterniti et al.,  2002 ; Allard et al.  2003 ; Wu 
et al.  2009 ,  2011 ; Gallacher et al.  2012 ), whereas others were not conclusive or even 
reported a potential protective effect (Dealberto et al.  1997 ; Fastbom et al.  1998 ; 
Hanlon et al.  1998 ; Lagnaoui et al.  2009 ; Boeuf-Cazou et al.  2011 ). Such previous 
studies had many methodological shortcomings, and, in particular, the timing of 
exposure to benzodiazepines in relation to the outcome event allowed for the pos-
sibility of reverse causation. Moreover, it should be acknowledged that insomnia, 
depression and anxiety (the main indications for prescribing benzodiazepines) can 
be prodromal symptoms of dementia (Amieva et al.  2008 ). 
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 Two recent studies by the same research group suggested that the use of benzo-
diazepines may increase the risk of developing dementia in the elderly (Bilioti de 
Gage et al.  2012 ,  2014 ). The fi rst study evaluated the association between the use of 
benzodiazepines and incident dementia (Bilioti de Gage et al.  2012 ). This was a 
prospective, population-based study involving 1,063 men and women (mean age 
78.2 years) who were free of dementia and did not start taking benzodiazepines 
until at least the third year of follow-up. During a 15-year follow-up, 253 incident 
cases of dementia were confi rmed. New use of benzodiazepines was associated with 
an increased risk of dementia (multivariable adjusted hazard ratio 1.60, 95 % confi -
dence interval 1.08–2.38). A secondary analysis consisted of the association between 
incident dementia and the initiation of benzodiazepines. The hazard ratio of incident 
benzodiazepine users was 1.46 (1.10–1.94). Results of a nested case-control study 
suggest that use of benzodiazepines at any time was associated with roughly a 50 % 
increase in the risk of dementia (adjusted odds ratio 1.55, 1.24–1.95) compared with 
non-users. Similar results were obtained for past users (odds ratio 1.56, 1.23–1.98) 
and recent users (1.48, 0.83–2.63), but fi ndings were signifi cant only for past users. 
The second study investigated the association between Alzheimer’s disease and 
exposure to benzodiazepines starting at least 5 years before benzodiazepine use, 
considering both the dose-response relation and prodromes (anxiety, depression, 
insomnia) possibly related to treatment (Bilioti de Gage et al.  2014 ). This was a 
case-control study, based on the Quebec health insurance programme database 
(RAMQ), involving 1,796 people with a fi rst diagnosis of Alzheimer’s disease and 
followed up for at least 6 years before were matched with 7,184 controls on sex, age 
group and duration of follow-up. Both groups were randomly sampled from older 
people (age >66) living in the community in 2000–2009. The association between 
Alzheimer’s disease and benzodiazepine use started at least 5 years before diagnosis 
was assessed by using multivariable conditional logistic regression. Exposure any 
time to benzodiazepines was fi rst considered and then categorised according to the 
cumulative dose expressed as prescribed daily doses (1–90, 91–180, >180) and the 
drug elimination half-life. Benzodiazepine use was associated with Alzheimer’s dis-
ease (adjusted odds ratio 1.51, 95 % confi dence interval 1.36–1.69). No association 
was found for a cumulative dose <91 prescribed daily doses. The association 
increased with exposure density (1.32 (1.01–1.74) for 91–180 prescribed daily 
doses and 1.84 (1.62–2.08) for >180 prescribed daily doses) and with the drug half- 
life (1.43 (1.27–1.61) for short-acting drugs and 1.70 (1.46–1.98) for long-acting 
ones). Based on the fi ndings of these studies, the authors suggest to avoid indis-
criminate long-term and widespread use of benzodiazepine in general population. 

 The possible association between dementia and the use of benzodiazepines 
should nevertheless be viewed with caution and the above studies have prompted 
some criticism (Barbui et al.  2013 ; Kmietowicz  2014 ; Salzman and Shader  2015 ). 
While the above studies by Billioti de Gage et al. ( 2012 ,  2014 ) provide evidence in 
favour of such an association, such as an increase in risk with increasing duration of 
exposure and increasing benzodiazepine half-life, observational studies on the topic 
may be subject to confounding by indication in the case that the drugs were pre-
scribed for anxiety and/or insomnia that were due to prodromal symptoms of 
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dementia (Barbui et al.  2013 ). In addition, the follow-up of 6 years may be consid-
ered relatively short to study a neurodegenerative disease such as Alzheimer’s, 
which may take much longer to develop (Kmietowicz  2014 ). It was also pointed out 
that the cohort of patients under study may have had mild cognitive impairment 
although they did not have Alzheimer disease and that other factors which may be 
associated with memory impairment, such as alcohol use, were not controlled for 
(Salzman and Shader  2015 ). 

 In conclusion, fi ndings on the risk of Alzheimer’s disease with benzodiazepine 
use are thought provoking and suggest that these drugs may increase the risk of 
Alzheimer’s disease, but such fi ndings should be considered an indication of defi ni-
tive causality, in particular given that observational studies are not the most suited 
study design to investigate causality.  

10.2.2.2    Tolerance, Dependence and Withdrawal 

 The main problem associated with long-term use of benzodiazepines is the develop-
ment of tolerance and dependence (Ashton  2005 ; O’Brien  2005 ; Lader  2011 ). 

 Tolerance can be defi ned as a reduced pharmacological response following 
repeated administration of the same drug dose. As a consequence, increasing doses 
are needed to produce the same response. Benzodiazepine tolerance develops at dif-
ferent rates and to different extents (Ashton  2005 ). Tolerance to hypnotic effects 
develops rapidly, within a few days or weeks of regular use. Although some subjects 
report continued effi cacy of benzodiazepine hypnotics, clinical experience suggests 
that a considerable proportion of hypnotic users must gradually increase their dos-
age to maintain a given level of therapeutic response. Tolerance to the anticonvul-
sant and muscular relaxant effects of benzodiazepines also develops relatively 
quickly. On the other hand, tolerance to the anxiolytic effects develops more slowly, 
over a few months, and clinical experience shows that long-term use does little to 
control anxiety and may even aggravate it (Ashton  2005 ). There is also evidence of 
dosage escalation when benzodiazepines are used for their anxiolytic effect. In gen-
eral, little tolerance develops to the amnesic other cognitive effects caused by ben-
zodiazepines. Studies of long-term users have shown defi cits in learning, memory, 
attention and visuospatial ability. A meta-analysis of 13 research studies that evalu-
ated the effect on long-term use of benzodiazepines on cognitive function found that 
long-term benzodiazepine users had moderate-signifi cant defi cits for each of the 12 
of the cognitive domains tested compared to controls (Barker et al.  2004 ). 

 According to the World Health Organization, dependence is defi ned as a strong 
compulsion to take a substance, diffi culty in controlling its use, the development of 
tolerance and the presence of a withdrawal state. Withdrawal consists of a group of 
symptoms which occur on cessation or reduction of use of a psychoactive substance 
that has been used repeatedly, often for prolonged periods and/or in high doses 
(Lader  1987 ). Withdrawal may be accompanied with physiological disturbances. 
Withdrawal syndrome is one of the markers of dependence. Benzodiazepine discon-
tinuation or an abrupt reduction in dose may result in rebound and/or withdrawal 
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syndrome, even after only 3–4 weeks of treatment. Rebound can be considered as 
the mildest form of withdrawal (Lader  2011 ). Rebound symptoms are the return of 
the symptoms for which the patient was treated but with a greater intensity than 
before. The most common phenomenon with benzodiazepines is the rebound of the 
hypnotic effect which is likely when stopping hypnotic benzodiazepines, particu-
larly short-acting ones, even after only a few days or nights of use (Bonnet and 
Arand  1999 ). After stopping the hypnotic benzodiazepine, the insomnia can return 
in an exaggerated form, time to sleep onset is prolonged, sleep is more disturbed 
and it is shorter in duration. Rebound is generally short lived lasting a night or two, 
but can panic the patient into resuming the medication. Withdrawal is a more seri-
ous phenomenon, consisting in a characteristic grouping of signs and symptoms 
that occur when the benzodiazepine is stopped or the dose is reduced. Withdrawal 
often involves the onset of  new  symptoms not experienced previously by the patient. 
The occurrence of a withdrawal syndrome is the main indicator of physical depen-
dence (Chouinard  2004 ). Withdrawal syndrome associated with benzodiazepine use 
is generally related to high dosage and long-term treatment. Withdrawal symptoms 
usually occur after 4–6 weeks of use, but only in about 15–30 % of patients (Lader 
 1998 ). Benzodiazepine withdrawal symptoms may be divided into common, less 
common and rare symptoms (Table  10.1 ). Severe symptoms usually occur as a 
result of abrupt or over-rapid withdrawal. Abrupt withdrawal can be dangerous; 
therefore, the dose of benzodiazepines should be gradually tapered off until they are 
 discontinued. The symptoms of withdrawal usually subside in 2–4 weeks but can be 
prolonged. Withdrawal symptoms may occur even if the dose of benzodiazepines is 
reduced gradually, but symptoms tend to be less severe. Nevertheless, they may 
persist as a withdrawal syndrome for months after discontinuation of benzodiaze-
pines. A prospective study by Vikander et al. ( 2010 ) identifi ed four patterns of with-
drawal symptoms over time: (1) a gradual decrease in symptom severity over 
50 weeks, (2) an increase in the severity of symptoms at the beginning of dose 
tapering followed by a decrease in severity after tapering the dose off, (3) an increase 

   Table 10.1    Benzodiazepine withdrawal symptoms   

 Common  Less common  Rare 

 Anxiety  Muscle pain  Convulsions 
 Insomnia  Vomiting  Delirium 
 Dysphoria  Hyperacusis  Psychotic symptoms 
 Excitability  Photophobia  Delusions 
 Poor memory and concentration  Altered sensation  Hallucinations 
 Dizziness  Depersonalization  Mania 
 Gastrointestinal problems  Derealization  Depression 
 Palpitations  Suicidal ideation 
 Sweating 
 Tremor 
 Nausea 
 Headache 
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in the severity of symptoms 4 weeks after the cessation of benzodiazepine tapering, 
and (4) no change over 50 weeks.

10.2.2.3       Abuse 

 A clear distinction should be made between dependence and withdrawal from thera-
peutic or somewhat higher doses within the medical context and abuse of benzodi-
azepines in the context of recreational and illicit use (Lader  2014 ). Benzodiazepines 
are widely misused, although patterns vary from country to country and from region 
to region. One type takes the form of binges, say at weekends, another regular sus-
tained high-dose usage. Some misusers keep to oral use, whereas others inject intra-
venously or sniff intranasally like with cocaine use. The abuse of benzodiazepines 
depends on their formulation, bioavailability and pharmacokinetics. Temazepam 
and fl unitrazepam are known to be often misused. Although benzodiazepines may 
be misused alone, they may also be misused along with other drugs, for example, to 
potentiate the euphorigenic effects of opioids, lessen the impact following the 
effects of cocaine or interact in a complex way with amphetamines or other drugs of 
abuse. Drug abusers may turn to benzodiazepines if other drugs of abuse become 
scarce and expensive. The risks of benzodiazepine abuse such as viral infection or 
local tissue necrosis are well known and are associated with intravenous drug use. 
Overdose is a hazard, particularly in combination with other psychotropic drugs. 
Another danger is related to the potentiation of the depressant effects of alcohol by 
benzodiazepines. This has been associated with an increased likelihood of criminal 
acts, often accompanied by amnesia. The misuse of benzodiazepines is undoubtedly 
dangerous, and the potential for misuse should be a consideration when deciding to 
prescribe these drugs.  

10.2.2.4    Mortality 

 Adverse effects of benzodiazepines are generally unpleasant but may not be severe; 
most adverse effects are reversible. However, recent data suggest that use of benzo-
diazepines may be associated with excess mortality (Charlson et al.  2009 ; Kripke 
et al.  2012 ). A systematic review has examined the risk of death associated with 
benzodiazepine use in studies published from 1990 onwards (Charlson et al.  2009 ). 
Data from six cohort and three registry studies indicate that regular users and illicit 
benzodiazepine users had a higher risk of mortality compared to non-users. A recent 
matched cohort study, based on electronic medical records and involving 10,529 
people who received hypnotic agents (including both benzodiazepine and non- 
benzodiazepine hypnotics) and 23,676 controls with no hypnotic prescriptions, esti-
mated the mortality risks, using proportional hazard regression models (Kripke 
et al.  2012 ). For patients prescribed 0.4–18, 18–132 and >132 pills/year, the hazard 
ratios were 3.60 (95 % CI 2.92, 4.44), 4.43 (3.67, 5.36) and 5.32 (4.50, 6.30), 
respectively. Thus, even occasional hypnotic users had over three times the 
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background risk of dying in 2.5 years. Selective prescription of hypnotics for ailing 
patients was ruled out as the main explanation. The presence of co-morbidities was 
associated with a signifi cant increase in the risk of death among patients receiving 
hypnotics, but this accounted for only a small proportion of the excess risk.  

10.2.2.5    Skin Reactions 

 Skin manifestations such as generalised reactions, contact dermatitis, photoderma-
titis and Stevens-Johnson syndrome are rarely associated with benzodiazepine 
treatment. 

 In April 2013, the Pharmacovigilance Risk Assessment Committee (PRAC) of 
the European Medicines Agency (EMA) issued a warning about tetrazepam, a ben-
zodiazepine that has been used to treat painful muscle spasms (such as low-back 
pain and neck pain) and spasticity (excessive stiffness of muscles) in some European 
countries (European Medicines Agency  2013 ). The alert was prompted by the 
occurrence of life-threatening skin reactions (including Stevens-Johnson syndrome, 
toxic epidermal necrolysis, and drug rash with eosinophilia and systemic symptoms 
syndrome), as described by the French National Agency for the Safety of Medicine 
and Health Products (Proy-Vega et al.  2014 ). After an assessment of available data 
on the risk of skin reactions, the PRAC concluded that tetrazepam is indeed associ-
ated with a low but increased risk of serious skin reactions compared to other ben-
zodiazepines. The Coordination Group for Mutual Recognition and Decentralized 
Procedures of medicines for human use of the EMA agreed with the PRAC conclu-
sion that the benefi ts of tetrazepam do not outweigh its risks, and on 29 May 2013, 
EMA adopted a fi nal decision and suspended the marketing authorizations of tetraz-
epam across the European Union (EMA  2013 ). Proy-Vega et al. ( 2014 ) have recently 
commented on the clinical evidence leading to tetrazepam withdrawal, underlining 
the lack of randomised controlled clinical trials evaluating tetrazepam effi ciency 
and safety. In their conclusion, they claim that ‘it is very important to foster a strong 
interaction between pharmacovigilance agencies, scientifi c publications and health 
professionals, in order to improve and optimise exchange of knowledge on clinical 
cases of ADRs’. 

 In December 2013, the FDA released a warning that clobazam, a benzodiazepine 
medication approved as adjunctive therapy to treat seizures that accompany Lennox- 
Gastaut syndrome, may cause serious skin events, including Stevens-Johnson syn-
drome (SJS), toxic epidermal necrolysis (TEN) and acute generalised exanthematous 
pustulosis (AGEP), and consequently approved changes to clobazam label and 
medication guide (FDA  2013a ). The FDA identifi ed 20 cases of severe skin reac-
tions from its Adverse Event Reporting System database: all cases had resulted in 
hospitalisation, one case in blindness and one in death. These reactions can occur at 
any time during clobazam treatment, but the risk is greater during the fi rst 8 weeks 
of treatment or when clobazam is stopped and then restarted. However, no compara-
tive pharmacovigilance analysis was conducted for other anticonvulsant benzodiaz-
epines, including clonazepam, clorazepate, diazepam and lorazepam.    
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10.3     Buspirone 

 Buspirone is an azapirone used in the treatment of generalised anxiety disorder. 
While the anxiolytic effects of benzodiazepines usually occur within a few days of 
therapy, buspirone requires chronic treatment for effectiveness (Chessick et al. 
 2006 ). Buspirone lacks the sedative, muscle relaxant and anticonvulsant properties 
of the benzodiazepines. The underlying mechanism of action of buspirone is not 
clear; however, it is thought that its anxiolytic effects are mediated through interac-
tions with the serotonin 5HT 1A  receptor, where it acts as a partial agonist (Loane and 
Politis  2012 ). The most common side effects of buspirone are dizziness, headache 
and light-headedness. Buspirone does not impair psychomotor performance or 
results in abuse, dependence or withdrawal. Like benzodiazepines, buspirone 
appears to be safe even when given in very high doses.  

10.4     Pregabalin 

 Pregabalin is a pharmacological agent approved in many countries for the treatment 
of neuropathic pain, partial seizures and generalized anxiety disorder (Frampton 
 2014 ). Pregabalin is a structural analogue of GABA that neither interacts with 
GABA receptors nor alters GABA uptake or degradation. On the other hand, prega-
balin binds to the α 2 δ (alpha-2-delta) subunit of the voltage-dependent calcium 
channel in the central nervous system so thus decreasing the release of neurotrans-
mitters including glutamate and substance P. The most frequent adverse effects of 
pregabalin include dizziness, somnolence, dry mouth, peripheral oedema, blurred 
vision and weight gain (Zaccara et al.  2011 ). 

 Following its introduction, accumulating evidence from case reports, data-
bases and a limited number of studies have suggested that pregabalin has the 
potential to cause abuse and dependence (Gahr et al.  2013 ). Schwan et al. ( 2010 ) 
analysed data from the Swedish national register of adverse drug reactions and 
concluded that pregabalin is likely to be associated with an abuse potential based 
on 16 positive reports. As a result, the prescribing information was changed and 
now states that cases of pregabalin abuse have been reported and patients with a 
previous history of psychotropic substance abuse should be monitored closely for 
signs of pregabalin abuse (Lyrica SPC). However, there is currently limited evi-
dence on this topic. According to recent review articles (Baldwin et al.  2013 ; 
Frampton  2014 ; Schifano  2014 ), the potential for abuse of pregabalin is low, as its 
positive psychological effects are weak and not maintained over time. Moreover, 
unless stopped abruptly, pregabalin seems to carry a limited risk for physical 
dependence or withdrawal. In this respect, a recent study documented that gradual 
discontinuation of pregabalin after 4–24 weeks of treatment at a dose ranging 
from 150 to 600 mg/day was not associated with clinically signifi cant withdrawal 
symptoms (Kasper et al.  2014 ). 
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 Post-marketing surveillance studies are needed to identify risk factors for prega-
balin abuse and dependence. The assessment of pregabalin’s potential to cause 
addictive behaviours is also of particular clinical relevance as this agent is currently 
under evaluation for the treatment of benzodiazepine and alcohol dependence (Oulis 
and Konstantakopoulos  2012 ).  

10.5     Non-benzodiazepine Hypnotics 

 Non-benzodiazepine hypnotics, the so-called Z-drugs, including zolpidem, zaleplon, 
zopiclone and eszopiclone, are a class of drugs structurally unrelated to benzodiaz-
epines, but with a similar mechanism of action. These agents are agonists at the α 1  
subunit of GABA-A receptors which mediate sedation. They have become preferred 
drugs for the treatment of insomnia, in particular among older adults, because of 
perceived improved safety profi les compared with traditional benzodiazepines. The 
most common adverse events of non-benzodiazepine hypnotics are drowsiness or 
fatigue, headache, nightmares and nausea or gastrointestinal disturbances. However, 
recent evidence in elderly patients over the age of 65 has highlighted potential safety 
concerns of these medications and zolpidem specifi cally with regard to effects on 
balance and memory and on fracture risk (Levy  2014 ). 

 On January 2013, the US FDA issued a warning recommending that the bedtime 
dose of zolpidem should be lowered based on new data showing that blood levels in 
some patients may be high enough the morning after use to impair activities that 
require alertness, including driving. Therefore, FDA required manufacturers of zolpi-
dem products to lower the recommended initial dose for women from 10 to 5 mg for 
immediate-release products and from 12.5 to 6.25 mg for extended-release products 
(Food and Drug Administration  2013b ). Driving simulation and laboratory studies 
had established a threshold of 50 ng/ml, above which zolpidem is associated with 
decreased alertness and increased risk of adverse events. A randomised, placebo- 
controlled trial has shown that a single 5 mg dose of zolpidem resulted in clinically 
signifi cant balance and cognitive impairments upon awakening from sleep (Frey et al. 
 2011 ). In particular, 58 % of older adults (7/12) and 27 % of younger adults (3/11) 
tested had a loss of balance after taking zolpidem, whereas none of the same partici-
pants had a loss of balance during ten pre-sleep practice trials. A loss of balance after 
zolpidem use was marked and more common in older adults compared to placebo. 

 Early evidence of zolpidem-associated hip fracture in older adults (Wang et al. 
 2001 ) has recently been reinforced by fi ndings from three studies (Finkle et al.  2011 ; 
Kang et al.,  2012 ; Berry et al.  2013 ). In the fi rst study (Finkle et al.  2011 ), zolpidem 
was found to have a similar risk of hip fractures compared with diazepam and loraze-
pam, but signifi cantly lower compared with alprazolam. A second investigation found 
that fracture risk was signifi cantly greater with zolpidem compared with traditional 
benzodiazepines (odds ratio [OR]: 1.72 vs. 1.00, respectively) (Kang et al.  2012 ). A 
sub-analysis of 135 patients aged 85 or older found an even more pronounced risk with 
zolpidem compared with benzodiazepines (OR: 4.48 vs. 1.13, respectively). A third 
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study utilised a nursing home population (Berry et al.  2013 ). Claims data were evalu-
ated in residents who were prescribed zolpidem, eszopiclone or zaleplon during the 
‘hazard period’ (within 30 days of a hip fracture) or during the ‘control period’ (60 days 
or longer before hip fracture). Residents who were prescribed a non-benzodiazepine 
during the hazard period were more likely to experience a hip fracture compared with 
residents prescribed a non-benzodiazepine during the control period (OR: 1.66). 

 Due to a lack of evidence on the optimal selection of zolpidem and other non- 
benzodiazepines in the elderly, it would be prudent to use these hypnotic agents 
sparingly and cautiously in older adults.  

10.6     Conclusion 

 Benzodiazepines continue to be used in the management of patients with anxiety 
and insomnia. Based on cognitive and psychomotor impairment as well as abuse 
and dependence liability associated with benzodiazepines, clinicians must always 
balance the benefi ts and risks when prescribing these agents especially in the elderly. 
Other pharmacological agents used to treat anxiety disorders or insomnia, including 
pregabalin and non-benzodiazepine hypnotics, may share with benzodiazepines 
similar tolerability and safety issues. Pharmacovigilance surveillance studies can 
provide important information on specifi c adverse event features, patterns of clini-
cal symptoms, severity of the events and, where applicable, fatality rates of various 
anxiolytics/sedative-hypnotics. Healthcare systems at the local, regional or national 
levels may wish to employ patient safety monitoring programmes for anxiolytics/
sedative-hypnotics based upon pharmacovigilance studies.     
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    Chapter 11   
 Safety and Tolerability of Mood Stabilisers                     

       Michele     Fabrazzo      and     Alfonso     Tortorella    

    Abstract     Safety and tolerability of mood stabilisers are major clinical concerns 
when used in bipolar patients. Side effects of lithium and some antiepileptics have 
been reviewed in the context of a spontaneous reporting database over the last 
10 years (FDA database and published reports). During pregnancy, antiepileptics 
show great concerns, and adverse events are all related to childbirth, whilst congeni-
tal abnormalities are not higher than previously estimated. Cutaneous adverse reac-
tions are the most prevalent in children and adolescent. In adult lithium-treated 
patients, nephrotoxicity is still a major problem; the combination with carbamaze-
pine and valproate can increase the risk of hypothyroidism. Hyperparathormonemia 
and hypercalcaemia are unrecognised and underappreciated adverse effects. Acute 
exacerbation of psoriasis is still a major problem, and the risk of skin reactions with 
eosinophilia and systemic symptoms is higher when mood stabilisers are used con-
comitantly; when associated with antipsychotics, the risk of pneumonia is possible 
(highest risk for olanzapine plus carbamazepine). A decrease in total body water 
and the decline of glomerular fi ltration rate represent the main lithium adverse 
effects in elderly patients. Long-term treatment is associated with impairment in 
immediate verbal learning and memory and creativity performance. Antiepileptics 
display signifi cant adverse events (hyponatraemia, cardiac toxicity) and the risk of 
multiple drug-drug interactions is very high. Cumulative exposure to antipsychotics 
and mood stabilisers can be associated with vascular stiffness (elevated systolic 
blood pressure), hypertriglyceridaemia, insulin resistance and low HDL cholesterol. 
In light of the above considerations, clinicians should continuously and further 
assess risks and benefi ts of mood stabilisers when treating bipolar patients.  
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11.1         Introduction 

 Bipolar disorder (BD) is a dynamic illness that is amongst the top 30 causes of 
 disability worldwide and is associated with a complex clinical picture characterised 
by dramatic changes in mood (typically manic/hypomanic episodes alternate with 
episodes of depression), energy, cognition and to multiple psychiatric/nonpsychiat-
ric comorbidities (Strakowski et al.  2011 ). BD affects 3 % or more of the general 
population and ranks second only to unipolar depression as a cause of worldwide 
disability (Murray and Lopez  1997 ; Kupfer  2005 ). 

 In this chapter, we will review the various adverse side effects reported for lith-
ium and some antiepileptic drugs (AEDs) indicated as mood stabilisers (sodium 
valproate, carbamazepine, oxcarbazepine and lamotrigine). The safety profi le of 
lithium and individual AEDs will be considered in the context of a spontaneous 
reporting database over the last 10 years. 

 Taken in therapeutic doses, these drugs can cause a range of side effects that can 
be divided into fi ve different groups: (1) common (greater than 10 %), (2) uncom-
mon (between 1 and 10 %), (3) rare (between 0.1 and 1 %), (4) very rare (between 
0.01 and 0.1 %) and (5) isolated reports (less than 0.01 %). Moreover, when assess-
ing side effects of drugs, many variables can be considered, and the age of patients 
is one of the most important. We will therefore divide this chapter on the basis of the 
effects reported in different populations of patients.  

11.2     Lithium Safety 

 Although they are rapidly outdated, all major evidence-based guidelines support the 
use of lithium as a fi rst-line option for long-term maintenance treatment and pro-
phylaxis of BD (Yatham et al.  2013 ; Pfennig et al.  2013 ; Goodwin  2009 ; Grunze 
et al.  2009 ). Lithium has been demonstrated to be a suitable fi rst-line treatment in 
several clinical circumstances including acute manic/hypomanic episodes, relapse 
prevention, suicidal ideation and as an augmentation agent in the treatment of uni-
polar major depression (Fountoulakis et al.  2005 ; Baldessarini and Tondo  2008 ; 
Geddes et al.  2010 ). 

 Despite the fact that lithium is still considered the most important mood stabi-
liser, at least for maintaining long-term stability of BD patients (Müller- 
Oerlinghausen et al.  2002 ), it has also been described as the most underutilised 
treatment supported by solid evidence-based reports. The narrow therapeutic index 
necessitating regular monitoring of therapeutic concentrations (serum levels 
between 0.6 and 1.5 mEq/L) and concerns over a number of adverse effects are 
responsible for the underutilisation of lithium (Ferrier et al.  2006 ; McKnight et al. 
 2012 ). The most frequent adverse effects found in patients treated with lithium are 
(a) reduced urinary concentrating ability (polyuria, often accompanied by polydip-
sia) (Raja  2011 ), (b) hypothyroidism (Özerdem et al.  2014 ; Bauer et al.  2014 ) and 

M. Fabrazzo and A. Tortorella



211

hyperparathyroidism (Broome and Solorzano  2011 ), (c) weight gain (Torrent et al. 
 2008 ), (d) skin disorders (Jafferany  2008 ) and (e) risk of malformation and terato-
genic effects (Dols et al.  2013 ; Galbally et al.  2010 ). 

 Given that lithium salts have been used therapeutically for almost 150 years and 
that John Cade reported highly successful results in ten manic patients who received 
the drug as early as 1949 (Cade  1949 ), it is not surprising that lithium features heav-
ily in the majority of pharmacovigilance reports published in the past, when lithium 
was one of the few psychotropic drug available for the treatment of BD. Present 
reports, instead, are often the revival of data that was well established in the scien-
tifi c literature of recent years. To update reports on lithium pharmacovigilance, we 
used the Food and Drug Administration (FDA) database, restricting our search from 
2004 to 2014 (Table  11.1 ).

11.2.1       Pregnancy 

 Lithium has been assigned to pregnancy category D by the FDA. This category 
is assigned on the basis of prospective studies conducted in the 1990s (Jacobson 
et al.  1992 ). Despite these considerations, data regarding adverse effect of lith-
ium treatment during pregnancy are controversial, in particular due to 

   Table 11.1    Most common 
lithium adverse events 
reported to the FDA from 
2004 to present  

 Lithium N (%) 

 Therapeutic agent toxicity  601 (2.3 %) 
 Tremor  525 (2.01 %) 
 Drug interaction  477 (1.82 %) 
 Confusional state  337 (1.29 %) 
 Completed suicide  299 (1.14 %) 
 Drug ineffective  264 (1.01 %) 
 Acute renal failure  259 (0.99 %) 
 Neuroleptic malignant syndrome  253 (0.97 %) 
 Vomiting  241 (0.92 %) 
 Somnolence  240 (0.92 %) 
 Diarrhoea  222 (0.85 %) 
 Nausea  209 (0.8 %) 
 Depression  205 (0.78 %) 
 Mania  203 (0.78 %) 
 Drug toxicity  201 (0.77 %) 
 Agitation  195 (0.74 %) 
 Dysarthria  193 (0.74 %) 
 Suicide attempt  190 (0.73 %) 
 Fatigue  186 (0.71 %) 
 Dehydration  185 (0.71 %) 

  The percentage of each adverse event as a proportion of all 
adverse events is reported  

11 Safety and Tolerability of Mood Stabilisers



212

confl icting fi ndings regarding teratogenicity. In fact, some authors showed high 
incidences of teratogenic effects (Kallen and Tandberg  1983 ; Nora et al.  1974 ), 
even in the fi rst reports carried out during the 1970s and the 1980s amongst 
newborn exposed to lithium, whereas this correlation was not reported in other 
studies (Schou et al.  1973 ). 

 The Registry of Lithium Babies was founded in 1968 in order to monitor the 
effects of lithium in infants who were prenatally exposed to the drug after several 
case reports of cardiovascular defects, in particular Ebstein’s anomaly, amongst 
children born from mothers who were given lithium during the fi rst trimester or 
throughout pregnancy (Weinstein and Goldfi eld  1975 ). In a retrospective study, 
including all the 225 cases of lithium babies of the registry, the same author reported 
25 malformed infants (11.1 %). This rate consisted of 18 cardiovascular defects, 6 
of which were Ebstein’s anomaly (Weinstein  1980 ). In a second retrospective study, 
Källén and Tandberg ( 1983 ) reported 10.2 % neonatal deaths, 11.9 % malforma-
tions and 6.8 % heart defects in a group of 59 babies exposed to either lithium alone 
or in combination with other psychotropic drugs. As well as several retrospective 
studies showing the teratogenic effect of lithium, the two studies mentioned are 
based on voluntary reports and therefore associated with an overestimation of 
results due to the sample selection. These differences have become more marked 
through the years, mainly if we compare early reports with the more recent ones. 
Indeed, the top ten adverse events are all related to childbirth (premature, abortion, 
placental disorder, etc.), whilst congenital abnormalities are much rarer. Over the 
last few years, we have witnessed the complete reconsideration of the literature and 
the revision of the data published in the past. 

 In a meta-analysis by Yacobi and Ornoy ( 2008 ), the authors reviewed all the 
studies on teratogenic and embryotoxic effects associated with lithium treatment 
during pregnancy. In the conclusions, the authors stated that lithium therapy 
throughout pregnancy did not seem to increase the general rate of major anomalies 
and apparently added only a small risk of cardiovascular defects, notably Ebstein’s 
anomaly. Similarly, a more recent meta-analysis concluded that the odds of lithium 
exposure in cases of Ebstein’s anomaly were not signifi cantly elevated (McKnight 
et al.  2012 ), even though the value of this assessment was limited by the small num-
ber of cases. Although the use of lithium in the fi rst trimester of pregnancy should 
be avoided, it is fair to say that one cannot rule out completely the teratogenic poten-
tial of the drug and that the prevalence of this risk is not as high as previously 
estimated.  

11.2.2     Children and Adolescents 

 Lithium is approved by FDA for the treatment of mania in children aged 12 years 
and above and is the fi rst therapeutic option in the acute monotherapy for mania in 
this population. The early reports on paediatric lithium treatment were mainly based 
on adult studies (Prien et al.  1972 ), and for this reason, they had no specifi c 
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relevance to the topic. Even in later reports, the results were diffi cult to evaluate due 
to the small sample sizes or the methodological limitations. 

 More recently, a number of case reports, chart reviews and prospective studies 
have been published providing better insight into the tolerability of lithium treat-
ment in young people. Unfortunately, the lack of defi nitive randomised controlled 
trials prevented an adequate assessment of the real effi cacy and tolerability of lith-
ium treatment in children and adolescents suffering from mania or mixed states. 

 For this reason, the FDA and the National Institute of Child Health and Human 
Development (NICHD) sponsored the Collaborative Lithium Trials (CoLT) to 
provide an evaluation of the acute and long-term effectiveness of lithium in pae-
diatric bipolarity and characterise the short and long-term safety of lithium 
(Findling et al.  2008 ). The same authors have recently published a study evaluat-
ing lithium dose strategies and monitoring the potential treatment emergent 
adverse events (TEAEs) in 41 children and adolescents suffering from bipolar I 
disorder. The most commonly experienced TEAEs reported during the study 
were those repeatedly reported in adult patients (vomiting, upper abdominal pain, 
nausea, thirst, headache, dizziness). No patients experienced serious TEAEs 
(Findling et al.  2013 ).  

11.2.3     Adults 

11.2.3.1     Kidney 

 Lithium-induced nephrotoxicity is a form of chronic tubulointerstitial nephropathy 
known since lithium was introduced in the treatment of mood disorders and reported 
from the mid-1970s (Lindop and Padfi eld  1975 ). Renal complications associated 
with lithium treatment include (a) impairment of tubular function and urinary con-
centrating ability with polyuria and polydipsia and development of nephrogenic 
diabetes insipidus that may become irreversible in 15 % of patients after long-term 
lithium exposure and renal tubular acidosis, (b) chronic kidney disease secondary to 
tubulointerstitial nephritis and (c) infrequent and relatively mild renal insuffi ciency 
(Vestergaard and Schou  1981 ; Boton et al.  1987 ). 

 Early lithium reports established that lithium-induced nephropathy was usually 
characterised by tubulointerstitial nephritis with minimal glomerular involvement 
(Hansen  1981 ) and rare signifi cant changes in glomerular fi ltration rate (GFR), even 
in presence of a long-term lithium usage (Jensen and Rickers  1984 ; DePaulo et al. 
 1986 ; Schou and Vestergaard  1988 ). More recently, several reports have clarifi ed 
that a very high percentage of patients treated chronically with lithium have low 
GFR and that GFR monitoring is frequently neglected, with a risk of progression to 
end-stage renal disease (ESRD) (Bassilios et al.  2008 ; Janowsky et al.  2009 ). ESRD 
was considered an unlikely event in patients taking lithium, and only three case 
reports of lithium-induced ESRD were known in the world literature up to the early 
nineties (Von Knorring et al.  1990 ; Gitlin  1993 ). Since then, pharmacovigilance 
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reports have uncovered adverse events more accurately, and from 2004 to present, 
data recorded by FDA, despite small differences related to age and sex, detect rates 
around 0.1 % for the most severe adverse events such as renal impairment ( N  = 34), 
acute renal failure ( N  = 132), increased blood creatinine ( N  = 91), renal failure 
( N  = 60) and haemodialysis ( N  = 68). 

 The presence of renal damage induced by long-term lithium treatment in 
chronically treated patients was confi rmed by Markowitz et al. ( 2000 ). Lithium-
induced chronic renal disease is slowly progressive, and its rate of progression is 
related to the duration of lithium administration. Regular monitoring of estimated 
creatinine clearance is mandatory in long-term lithium-treated patients. A survey 
of lithium- induced ESRD conducted in France adds further information on this 
topic, demonstrating that lithium-related ESRD represents only 0.22 % of all 
causes of ESRD in France and that the rate of progression is related to the dura-
tion of lithium administration (Presne et al.  2003 ). Lepkifker et al. ( 2004 ) reported 
similar fi ndings in a retrospective study showing that in long-term lithium ther-
apy, dose reduction or discontinuation of lithium resulted in stabilisation of 
plasma creatinine levels and that about 20 % of long-term lithium developed renal 
insuffi ciency. 

 These results are slightly different from a large nationally representative sample, 
such as the Third National Health and Nutrition Examination Survey, estimating the 
prevalence and distribution of chronic kidney disease in the United States. The 
results of this survey show that the risk of ESRD, in lithium-treated patients, might 
be increased compared with healthy controls, but the absolute risk seems to be rela-
tively low (0.53 % compared to 0.2 % of the general population) (Coresh et al. 
 2003 ). In contrast with these results, Bendz et al. ( 2010 ), reviewing the data of The 
Swedish Registry for Active Treatment of Uremia in two Swedish regions (2.7 mil-
lion inhabitants), observed a substantially higher prevalence of lithium-induced 
ESRD in patients on renal replacement therapy. 

 McKnight et al. ( 2012 ), in a recent meta-analysis, clarifi ed that GFR impairment 
secondary to lithium treatment is not clinically signifi cant in most patients with a 
reduction ranging from 0 to 5 mL/min that represents only 5 % of the minimum 
normal GFR. 

 At the moment, two elements, strictly related, seem to be very important to pre-
vent irreversible renal damage and glomerular failure in patients treated with lith-
ium: the duration of lithium treatment and the age of treated patients (Bocchetta 
et al.  2013 ). 

 Pharmacovigilance reports emphasise that renal function must be carefully 
assessed in every patient starting lithium treatment. To minimise the risk of adverse 
events during treatment, assessment of renal function at least twice a year is manda-
tory. This assessment must provide (1) complete 24-h urine collection; (2)  glomerular 
fi ltration rate either by 24-h creatinine clearance or estimated glomerular fi ltration 
rate; (3) in case of a chronic kidney disease, a nephrologist should be consulted 
before lithium treatment as long as the creatinine clearance is >40 mL/min and (4) 
the decision should be taken also on the basis of the patient’s age and the duration 
of lithium treatment.  
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11.2.3.2     Thyroid Gland 

 Long-term treatment with lithium results in its accumulation in the thyroid with 
many effects on the physiology of the gland. The pathogenetic mechanism of 
lithium- induced hypothyroidism is manifold; lithium acts through fi ve different 
mechanisms: (1) inhibition of thyroidal iodine uptake, (2) inhibition of iodotyrosine 
coupling, (3) changes of the thyroglobulin structure, (4) inhibition of thyroid hor-
mone (thyroxine) secretion and (5) increase of TSH levels as a result of reduced 
availability of thyroxine (Berens et al.  1970 ; Burrow et al.  1971 ). Inhibition of thy-
roid hormone secretion associated with high rates of hypothyroidism and thyrotoxi-
cosis is the result of these effects on the gland function (Bocchetta et al.  2001 ; 
Barclay et al.  1994 ). 

 Adverse events submitted to the FDA from 2004 to present have revealed 54 
cases of hypothyroidism in adult patients treated with lithium and, although minor 
differences related to age and sex, rates are around 0.29 % of the total FDA reports. 

 Hypothyroidism is the most common thyroid disorder caused by lithium treat-
ment. It is very diffi cult to evaluate its prevalence because records range from 3.3 to 
35.4 %. Eight case-control studies reveal a prevalence of clinical and subclinical 
hypothyroidism of 9.2 % in patients treated with lithium compared with a preva-
lence in the general population comprised between 0.5 and 1 %. The risk of hypo-
thyroidism increases about six times in patients taking lithium (OR = 5.78) 
(McKnight et al.  2012 ). The main risk factors for the onset of hypothyroidism in 
lithium-treated patients are female gender, age between 40 and 60 years, a personal 
or family history of thyroid disorders and the presence of autoantibodies (Malhi 
et al.  2012 ). The risk amongst women is greater than in men and in the general 
population and is related to the age of patients and the duration of treatment 
(Grandjean and Aubry  2009 ). However, it is important to stress that, irrespective of 
lithium treatment, patients with mood disorders show higher rates of thyroid abnor-
malities (hypothyroidism and hyperthyroidism) than the general population 
(Chakrabarti  2011 ). 

 Goitre is a clinical fi nding associated with lithium therapy, probably linked to the 
inhibition of thyroid hormone synthesis and release, determining an increase of 
TSH and a fi nal thyroid enlargement. The prevalence of goitre is highly variable, 
ranging from 3.6 to 51 %. This variability is probably due to the presence of various 
geographic risk factors, specifi cally the reduced availability of iodine, the different 
duration of the exposure to lithium and different diagnostic methods (Kibirige et al. 
 2013 ). The presence of hypothyroidism or goitre is not a contraindication to lithium 
treatment; therefore, patients successfully treated should continue treatment, even 
in the presence of hypothyroidism, and compensate with a hormone replacement 
treatment. 

 Case reports of hyperthyroidism and thyrotoxicosis have been described in the 
literature since the 1970s (Rosser  1976 ). More recent studies clarifi ed that it is a rare 
condition whose incidence is comparable to that of the general population 
(Vanderpump et al.  1995 ). Thyrotoxicosis occurs in the early stages of treatment 
and at a young age, especially in women.  
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11.2.3.3     Parathyroid Gland 

 Hyperparathormonemia and hypercalcaemia are unrecognised and underappreci-
ated adverse effects of lithium treatment despite the evidence that in healthy volun-
teers a single dose of lithium (600 mg) is enough to induce a transient, and 
statistically signifi cant, rise in the serum PTH (Seely et al.  1989 ) and a prevalence 
ranging from 6.3 to 50 % (Livingstone and Rampes  2006 ). 

 Health Canada has reviewed the available evidence and scientifi c literature con-
cerning the association between lithium treatment and hypercalcaemia associated 
with hyperparathyroidism. Following this evaluation, Health Canada advised health 
professionals about the risk of hypercalcaemia/hyperparathyroidism associated 
with lithium treatment and the need of considering calcium and parathormone blood 
levels before starting lithium treatment and of repeating this evaluation every 
6 months in order to reduce the risk of hypercalcaemia (  www.healthycanadians.
gc.ca    ). 

 Adverse events submitted to the FDA from 2004 to present have revealed 29 
cases of hypothyroidism in adult patients treated with lithium, and, despite minor 
differences related to age and sex, rates are around 0.24 % of the total FDA reports 
(Table  11.1 ). 

 Saunders et al. ( 2009 ) reviewed the effect of lithium exposure on parathyroid cell 
function confi rming that lithium causes hypercalcaemia and isolated hyperparathor-
monemia and the need of a screening of patients on chronic lithium therapy for 
hypercalcaemia. More recently, a meta-analysis identifi ed 60 studies (14 case- 
control studies, 36 case reports, 6 cross-sectional studies) and a 10 % increase of 
calcium and parathormone (PTH) levels in patients treated with lithium. This 
adverse effect remains unrecognised by most psychiatrists with an underestimation 
of the long-term effects of hypercalcaemia and hyperparathyroidism (McKnight 
et al.  2012 ). 

 This evidence indicates that the assessment of serum calcium before and during 
lithium treatment is mandatory. Currently, only the clinical guideline of The 
International Society for Bipolar Disorders (ISBD) suggests this assessment before 
starting lithium treatment and, in the absence of clinical elements suggestive of 
impaired parathyroid function, a re-evaluation after 6 months and then annually 
(Pacchiarotti et al.  2013 ).  

11.2.3.4     Skin 

 Potential skin changes associated with lithium treatment are generally limited, and 
the evidence supporting this association is restricted to descriptions of several case 
reports, retrospective studies and few case-control studies. There are only two recent 
randomised controlled trials comparing lithium with lamotrigine and placebo for 
18 months. The combined analysis of the results of these two studies showed no 
signifi cant difference in the prevalence of cutaneous adverse effects between 
patients given lithium and those given placebo (Goodwin et al.  2004 ). It is therefore 
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not clear whether lithium exposes them to a greater risk of developing cutaneous 
adverse effects in general. This statement is confi rmed by the diffi culty in assessing 
the real prevalence rates of this adverse effect. The few controlled studies on preva-
lence seem to suggest an increase of these adverse effects in patients treated with 
lithium, compared to the general population, ranging from 13.6 to 34 % in the study 
by Sarantidis et al. ( 1983 ) and from 25 to 45 % in the study by Chan et al. ( 2000 ). 

 The situation is slightly different for psoriasis since the presence of this skin 
disorder in lithium-treated patients is reported in several cases as de novo onset of 
psoriasis or as a marked worsening of a previously diagnosed disease (actually, 
reports are greater for acute exacerbation of a known disease). 

 There are only three case-control studies evaluating the prevalence of psoriasis in 
patients treated with lithium. The above-mentioned studies found a prevalence of 
2.2 % in patients compared to 0 % in controls (Sarantidis and Waters  1983 ) and 6 % 
in patients compared to 0 % in controls (Chan et al.  2000 ). The third one is a large- 
scale epidemiological case-control study that found a small but signifi cant increase 
in the risk of psoriasis in lithium-treated patients (Brauchli et al.  2009 ).  

11.2.3.5     Weight Gain 

 The greater part of pharmacovigilance reports on lithium treatment-associated 
weight gain has been published in the 1970s and 1980s (Rockwell et al.  1983 ), and 
present reports are often the continuation of data well established in the scientifi c 
literature of recent years. Reports on adverse events submitted to the FDA from 
2004 to present have revealed 93 cases of weight gain representing, despite minor 
differences related to age and sex, the 0.66 % of the total FDA reports.  

11.2.3.6     Cognition 

 Bipolar patients display a persistent cognitive impairment in the different stages of 
the disease including euthymia. This impairment, evident in a range of neuropsy-
chological tests including memory and executive functioning (Frangou et al.  2005 ), 
is present in unaffected fi rst-degree relatives and is thought to be related to illness 
severity, specifi c neurodevelopmental features, medical co-morbidity and patient’s 
lifestyle (Bourne et al.  2013 ). 

 Data in this area of research are highly controversial mainly due to the presence 
of numerous methodological problems which reduce their reliability. Lithium treat-
ment is associated with mild impairment in psychomotor speed, verbal memory and 
psychomotor speed functioning without a clear positive effect on cognition (Pachet 
and Wisniewski  2003 ). In a recent study, Wingo et al. ( 2009 ) reviewed the results of 
12 studies involving 276 lithium-treated bipolar patients. Long-term lithium treat-
ment was associated with impairment in immediate verbal learning and memory 
and creative psychomotor performance with no evidence of cognitive 
improvements.  
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11.2.3.7     Elderly 

 Concerns about lithium adverse effects in older patients have led to both declining 
rates of lithium use and questions regarding the most useful approach to the use of 
lithium in this population. 

 Despite the lack of randomised placebo-controlled trials, it is assumed that lith-
ium is as effective in the elderly as in the younger population for prophylaxis of 
affective disorders and for resistant unipolar depression (Bech  2006 ), but several 
concerns about neurotoxicity have led to questions about the effectiveness and 
safety of lithium in older bipolar patients. 

 The decrease in total body water and the decline of glomerular fi ltration rate are 
common amongst older persons, and in bipolar patients treated with lithium, this 
can result in a decrease in lithium clearance and increased serum level (Slater et al. 
 1984 ; Sproule et al.  2000 ). In a 2-year study of unipolar and bipolar out-patients 
(21–78 years) on long-term lithium treatment, Murray et al. ( 1983 ) found polydip-
sia/polyuria in 44 % of patients and hand tremor in 29 % of them. The prevalence 
and severity of the tremor tended to increase with age, but polydipsia/polyuria 
didn’t. More recently, van Melick et al. ( 2013 ) evaluated 759 patients aged 40 or 
older and treated with lithium with at least 2 years follow-up in a retrospective study 
and assumed that age was not a determinant of serum lithium concentration instabil-
ity and, above all, was not a reason not to initiate or to discontinue lithium therapy. 

 Lithium is a drug that continues to have a critical role in the treatment of bipolar 
disorder in the elderly. It becomes clear that, in the elderly more than in the young 
bipolar patients, lithium requires a careful evaluation in order to prevent adverse 
effects or toxicity. Lithium treatment in the elderly may be appropriate only after a 
clear evaluation of benefi ts and risks in each individual patient, and if the patient is 
monitored correctly, it is possible to avoid commonly reported adverse effects that 
can occur even at therapeutic dosages. 

 Guidelines for lithium concentrations in geriatric bipolar population are based on 
limited evidence, and a recent study recommends a low concentration range (0.5–
0.6 mmol/L) for patients of 50 years and over (Wijeratne and Draper  2011 ).    

11.3     Safety of Mood Stabilisers Other Than Lithium: 
Antiepileptic Drugs (AEDs) 

 In different studies, the proportion of patients with side effects from AED therapy 
ranged from less than 10 % to over 70 % depending on ascertainment methods, char-
acteristics of the patients, AED dosage and duration of follow-up (Perucca et al.  2000 ). 

 The tolerability profi les of AEDs differ substantially from one drug to another, 
and it is not straightforward to establish which drug has the best one. However, the 
safety profi le is often a determining factor in drug selection because effi cacy rates 
shown by most AEDs are similar (Perucca and Meador  2005 ). Clinical trials have 
provided inconclusive information to evaluate the comparative risk-benefi t ratio. 
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In addition, there is a lack of systematic pharmaco-epidemiological studies 
 investigating adverse drug reactions (ADRs) to AEDs, which makes it diffi cult to 
accurately assess the incidence of anticonvulsant-related ADRs (Acharya et al. 
 2005 ; Wong and Lhatoo  2000 ). Moreover, clinical exposure to some of the newer 
drugs is still relatively limited, and experience shows that it may take many years for 
important adverse effects to be discovered, especially when they are rare (Perucca 
et al.  2000 ). We will therefore review the safety profi le of individual AEDs in a 
spontaneous reporting database over the last 10 years with a particular attention to 
carbamazepine, oxcarbazepine, valproic acid and lamotrigine. 

11.3.1     Pregnancy 

 A report by Tica et al. ( 2013 ) highlighted the possibility that phenobarbital (PH)/
carbamazepine (CBZ) therapy during foetal organogenesis could induce sirenome-
lia by a synergistic teratogenic effect and supported the recommendation to use only 
one drug in pregnant epileptic or bipolar women. At birth, the newborn, delivered 
by an epileptic woman after 37 weeks of gestation, weighed 2.2 kg and presented 
with sirenomelia type II, with some of its “classic” features: oligohydramnios and 
absence of kidneys, bladder, rectum, uterus and a single umbilical artery. Some 
other “particularities” included the absence of Potter’s face and no signifi cant 
cardio- pulmonary abnormalities. The authors postulated that combined therapy 
with PH and CBZ (both strong enzyme inductors, especially PH) had potentiated 
their teratogenicity, by producing supplementary quantities of epoxides and/or other 
oxides, which accumulated in the foetal tissues who received in the fi rst 4 months of 
pregnancy PH (0.1 g/day) and CBZ (0.4 g/day), followed only by PH 0.1 g/day, 
until delivery. 

 Another report presented an infant born with renal and cardiac malformations 
who developed a withdrawal syndrome and hyponatraemia following in utero expo-
sure to oxcarbazepine. The infant was born at 35 weeks’ gestation by urgent caesar-
ean section to a mother in status epilepticus who had been treated with oxcarbazepine 
throughout her pregnancy. Evaluation for congenital anomalies identifi ed mild aor-
tic stenosis, a bicuspid aortic valve, patent foramen ovale, patent ductus arteriosus 
and severe left hydronephrosis due to left ureteropelvic junction stenosis. On the 
third day of life, the infant developed clinical signs of a withdrawal syndrome, 
which peaked on day 7 and resolved by day 12. Transient hyponatraemia resolved 
by day 8 of life. Follow-up showed normal development at 15 months (Rolnitsky 
et al.  2013 ). 

 The prevalence of neurodevelopmental disorders in children prenatally exposed 
to antiepileptic drugs was studied in a prospective cohort of women with epilepsy 
and a control group of women without epilepsy. The children of this cohort were 
followed longitudinally until 6 years of age ( N  = 415), and the analysis revealed an 
increase in risk for children exposed to monotherapy sodium valproate and in those 
exposed to polytherapy with sodium valproate compared to control children (4/214; 
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1.87 %). Autistic spectrum disorder was the most frequent diagnosis. No signifi cant 
increase was found amongst children exposed to carbamazepine (1/50) or lamotrig-
ine (2/30) (Bromley et al.  2013 ). 

 Valproate is associated with polycystic ovary syndrome as well as congenital 
malformations and developmental delays of infants who were prenatally exposed. 
In a study by Wisner et al. ( 2011 ), using New York State Medicaid Claims for 
Persons with Psychiatric Disorders, the authors concluded that over 20 % of 
childbearing- aged women receiving mood stabilisers were treated with valproate. 

 In women, according to FDA-reported side effects, the use of valproic acid dur-
ing pregnancy led to spontaneous abortion in a different percentage, depending on 
the age of patients (0.1 %, 0.02 % and 0.04 %, respectively, for women’s age of 
10–19, 20–29 and 30–39 years). Intrauterine deaths were reported, instead, only in 
few cases (0.03 %). Carbamazepine and oxcarbazepine use during pregnancy was 
associated to spontaneous abortion only in 0.12 % and 0.16 %, respectively, of all 
treated patients. Lamotrigine, on the other hand, was reported to FDA to induce 
spontaneous abortion in 0.5 % of cases, with a peak of 0.12 % in women ageing 
from 20 to 29 years.  

11.3.2     Children and Adolescents 

 Cutaneous adverse drug reactions (CADRs) are the most prevalent ADRs in hospi-
talised children, with an estimated rate of 2–3 % (Ross et al.  2007 ). An analysis of 
reports from the Canadian Pharmacogenomics Network for Drug Safety (CPNDS) 
included 326 CADR cases of which 214 (65.6 %) were severe and 112 (34.4 %) 
non-severe. Overall, carbamazepine ( N  = 17, 4.9 %) and lamotrigine ( N  = 13, 3.7 %) 
accounted for almost 9 % of all suspected medications (Castro-Pastrana et al.  2011 ). 

 A case-control study of severe cutaneous drug reactions (SCDR) with carbam-
azepine was reported by Chong et al. ( 2014 ). In recruited patients, HLA-B*1502 
positivity increased the odds of carbamazepine-induced SCDR in children of 
Chinese and Malay ethnicity and they occurred within 2 weeks and at low doses. 
Stevens-Johnson Syndrome (SJS), on the other hand, was induced by oxcarbaze-
pine, and HLA genotyping showed a HLA-B15 variant in this patient (HLA- 
B*1518/B*4001) (Lin et al.  2009 ). A 4-year-old girl with a life-threatening clinical 
course of drug rash with eosinophilia and systemic symptoms syndrome (DRESS) 
with massive pulmonary involvement was also reported by Irga et al. ( 2013 ). 

 The use of combined antiepileptic drugs can cause toxicity by affecting the clear-
ance of the drugs, especially in children. A case with SJS triggered by the combina-
tion of clobazam, lamotrigine and valproic acid treatment was reported in a 
4-year-old boy admitted to the hospital with a 3-day history of fever, oral mucosa 
ulcerations and skin lesions. The patient had been under the treatment of valproic 
acid (900 mg/day) for 3 years with the diagnosis of epilepsy. Because of the poor 
control of the seizures, lamotrigine (75 mg/day) had been added to the treatment 
1 month before and clobazam (20 mg/day) 10 days before. Weintraub et al. ( 2005 ) 
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reported that valproic acid decreased lamotrigine clearance by approximately 60 % 
in a study with 570 patients. It has been reported that valproic acid may interfere 
with the metabolism of lamotrigine by inhibiting glucuronides, leading to increased 
blood levels of the drug, or resulting in accumulation of toxic metabolites of the 
drug. New AEDs (clobazam, etc.) are reported not to affect the clearance of 
lamotrigine signifi cantly, but the skin lesions of SJS in the above patient appeared 
when clobazam was added to valproic acid and lamotrigine treatment. Therefore, it 
could be concluded that clobazam can affect the clearance of combined drugs. 
Adverse reactions have been reported in children co-treated with lamotrigine and 
valproate (Kocak et al.  2007 ; Levi et al.  2009 ). Sixty-three cases of interaction 
between lamotrigine and other drugs have been reported to FDA from 2004 to 
present. 

 In 2011, the US FDA informed the public that children born to mothers who take 
the anti-seizure medication sodium valproate or related products (valproic acid and 
divalproex sodium) during pregnancy have an increased risk of lower cognitive test 
scores than children exposed to other anti-seizure medications during pregnancy. 
This conclusion was based on the results of epidemiologic studies. The largest of 
these studies is a prospective cohort study conducted in the United States and 
United Kingdom (Meador et al.  2009 ). They found that children with prenatal expo-
sure to valproate throughout pregnancy had lower Differential Ability Scale (DAS) 
scores at age 3 than children with prenatal exposure to the other evaluated antiepi-
leptic drug monotherapy treatments: lamotrigine, carbamazepine and phenytoin. 
Although all of the available studies have methodological limitations, the weight of 
the evidence supports the conclusion that valproate exposure in utero causes subse-
quent adverse effects on cognitive development in offspring (Gaily et al.  2004 ; 
Adab et al.  2004 ). 

 The FDA reported that for AEDs, the most common side effects in children and 
adolescents (0–19 years of age) were represented by the following:

•    Convulsions, exposure during pregnancy, foetal anticonvulsant syndrome, dys-
morphism for valproic acid  

•   Atrial septal defect, aggressive behaviour, psychomotor hyperactivity, convul-
sions, pyrexia and rashes for lamotrigine  

•   Hypertelorism of orbit, micrognathia, drug rashes with eosinophilia and sys-
temic symptoms, pyrexia, convulsions for carbamazepine     

11.3.3     Adults 

 In a recent review, Dols et al. ( 2013 ) described the prevalence of neurological, gas-
trointestinal, metabolic, thyroid, dermatological, nephrogenic, cognitive, sexual, 
haematological, hepatogenic and teratogenic side effects of lithium, valproate, car-
bamazepine and lamotrigine and discussed their clinical management. The most 
common side effects reported to the FDA since 2004 are listed in Table  11.2 .
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   Moreover, Gau et al. ( 2010 ) indicated that lithium, carbamazepine and valproate 
may dose dependently increase the risk of hypothyroidism with the increasing num-
ber of mood stabilisers used (the risk of hypothyroidism was more prominent when 
the combination included lithium and valproate). 

 The study by Gau et al. ( 2008 ) investigated the association between two mood 
stabilisers (carbamazepine and valproate) and other medications (including other 
anticonvulsants) and the risks of erythema multiforme (EM), SJS and toxic epider-
mal necrolysis (TEN) amongst patients with BD. Results showed that carbamaze-
pine and valproate use signifi cantly predicted EM, SJS or TEN. Other signifi cant 
predictors for EM, SJS or TEN included other anticonvulsants (phenytoin, pheno-
barbital and lamotrigine). The most predictive exposures were carbamazepine, val-
proate, other anticonvulsants and acetaminophen. They also found that the 
combination of carbamazepine and acetaminophen further increased the risk for the 
occurrence of EM, SJS or TEN and that no interaction effect of age and sex was 
evident. 

 Matsuda et al. ( 2013 ) reported a case of drug-induced hypersensitivity syndrome 
(DIHS)/drug reaction with eosinophilia and systemic symptoms (DRESS) due to 
carbamazepine and associated with maculopapular eruptions and systemic skeletal 
muscle involvement. Sharma et al. ( 2013 ), on the other hand, reported the case of a 
patient with seizure who developed SJS and neuroleptic malignant syndrome 
(NMS) following administration of carbamazepine. 

   Table 11.2    Most common carbamazepine, valproate and lamotrigine adverse events reported to 
the FDA from 2004 to present   

 Carbamazepine  Valproate  Lamotrigine 

 Convulsions  642 (2.15 %)  455 (2.7 %)  993 (2.87 %) 
 Drug exposure during pregnancy  315 (1.06 %)  226 (1.34 %)  778 (2.25 %) 
 Rash  236 (0.79 %)  55 (0.33 %)  501 (1.45 %) 
 Completed suicide  304 (1.02 %)  –  480 (1.39 %) 
 Drug toxicity  234 (0.78 %)  87 (0.52 %)  466 (1.35 %) 
 Drug interaction  417 (1.4 %)  395 (2.34 %)  384 (1.11 %) 
 Pyrexia  397 (1.33 %)  163 (0.97 %)  373 (1.08 %) 
 Dizziness  223 (0.75 %)  65 (0.39 %)  311 (0.9 %) 
 Somnolence  288 (0.97 %)  195 (1.16 %)  278 (0.8 %) 
 Vomiting  221 (0.74 %)  133 (0.79 %)  270 (0.78 %) 
 Maternal drugs affecting foetus  98 (0.33 %)  46 (0.27 %)  257 (0.74 %) 
 Stevens-Johnson syndrome  221 (0.74 %)  56 (0.33 %)  230 (0.66 %) 
 Spontaneous abortion  –  58 (0.34 %)  179 (0.52 %) 
 Agitation  81 (0.27 %)  79 (0.47 %)  177 (0.51 %) 
 Confusional state  178 (0.6 %)  131 (0.78 %)  159 (0.46 %) 
 White blood cell count increased  –  43 (0.25 %)  128 (0.37 %) 
 Premature baby  –  –  74 (0.21 %) 
 Thrombocytopenia  80 (0.27 %)  127 (0.75 %)  – 

  For each event, the number of involved patients is indicated along with the percentage of the 
adverse events as a proportion of all reactions reported for the drug  

M. Fabrazzo and A. Tortorella



223

 Hydzik et al. ( 2011 ) published the case of acute poisoning with carbamazepine 
and quetiapine, which resulted in cardiotoxic effects in the form of arrhythmias and 
conduction disorders of the heart. These symptoms disappeared spontaneously after 
resolution of the poisoning. 

 He et al. ( 2012 ) reported that the incidence of oxcarbazepine (OXC)-induced 
cutaneous drug reactions (cADRs) was low, and no severe reactions occurred 
although they observed that patients with a history of allergy were more susceptible 
to OXC-cADRs. Moreover, they did not fi nd a signifi cant association between 
HLA-B*1502 and OXC-maculopapular eruptions. 

 In a nationwide cohort of bipolar patients, Yang et al. ( 2013 ) highlighted that 
some drug combinations were associated with a dose-dependent increase in the risk 
of pneumonia. In particular, olanzapine plus carbamazepine had the highest risk, 
followed by clozapine and valproic acid, but lithium had a dose-dependent protec-
tive effect. 

 The use and safety profi le of antiepileptic drugs in Italy was evaluated only for 
those associated with at least 30 reports by Iorio et al. ( 2007 ). Skin reactions were 
the most frequently reported ADRs, followed by haematological, general condition, 
hepatic and neurological and gastrointestinal adverse reactions. Lamotrigine and 
carbamazepine had the highest percentage of skin reactions (67 % and 60 %, respec-
tively). Many haematological reactions were reported for each AED, but the highest 
percentage was related to valproic acid (25 %) which was associated also to the 
highest percentage of hepatic reactions (20 %). 

 SJS associated with single high dose of lamotrigine was reported in a 23-year- 
old female patient with idiopathic epilepsy and previously taking carbamazepine, 
valproic acid and lamotrigine until 1 week prior to referral. Following consultations 
with a range of clinicians, the patient was diagnosed with SJS related to lamotrigine 
based on her history and physical fi ndings and on consideration of current consen-
sus defi nitions of this condition (Kocak et al.  2007 ). 

 In addition, SJS after lamotrigine treatment was also reported in a 24-year-old 
man on lamotrigine (25 mg every other day for the fi rst 2 weeks with the dose 
increased to 25 mg/day for the subsequent 2 weeks) for tonic-clonic seizures not 
adequately controlled with valproate (600 mg/day). The patient had been receiving 
valproate for 3 years without any other medications, whilst in the fourth week of 
titration therapy, he mistakenly took lamotrigine 200 mg at one time rather than 
25 mg. A few hours later, high-grade fever (40 °C) and painful oral ulcerations 
involving much of the oropharynx developed (Famularo et al.  2005 ). Bicknell et al. 
( 2012 ) reported a case of drug reaction with eosinophilia and systemic symptoms 
apparently precipitated by the associated use of lamotrigine and cyclobenzaprine. 

 Side effects are also related to non-adherence, but at a low level (Baldessarini 
et al.  2008 ; Jonsdottir et al.  2012 ). More than one-half of BD patients either discon-
tinue pharmacotherapy or use it irregularly. Although rates of non-adherence do not 
necessarily differ between mood-stabilising medications, the predictors for non- 
adherence do. Moreover, adherence to one medication does not guarantee adher-
ence to another, nor does adherence at one time-point ensure later adherence. 
Attitudes towards treatment affect adherence to medications as well as psychosocial 
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treatments and should be repeatedly monitored (Arvilommi et al.  2014 ). Some side 
effects have more impact on adherence than others, and in order of importance, 
weight gain, cognitive impairment and severity of depressive symptoms (as an out-
come of medication) were most associated with non-adherence to medication 
(Johnson et al.  2007 ). Experts reported that sedative side effects of medications also 
contributed to non-adherence (Velligan et al.  2010 ). 

 Somnolence, sedation, fatigue, pyrexia and drug rashes were all reported to the 
FDA for carbamazepine (age ranging from 20 to 59 years); convulsions, vomiting, 
decreased platelet count, breast abscesses and rashes were those reported for 
lamotrigine whilst pyrexia, somnolence, drug interactions, thrombocytopenia and 
tremor for valproic acid.  

11.3.4     Elderly 

 Descriptions of geriatric patients with BD tend to include an overview of cognitive 
impairment. However, the literature regarding cognitive test performance in this 
population is very limited. 

 Cognitive impairment in elderly (defi ned by the commonly accepted criterion of 
age ≥60 years) bipolar patients persists during euthymic state. At the moment, the 
aetiology of cognitive impairment is not well understood, although it has been asso-
ciated with lithium and other mood stabilisers. The dosage of medications has been 
reported to infl uence the cognition of treated patients signifi cantly, especially when 
affected by cardiovascular co-morbidities (Schouws et al.  2010 ). Other studies, on 
the other hand, have found no association between exposure to mood stabilisers 
(lamotrigine, valproate, lithium, carbamazepine all used at clinical therapeutic dos-
age) and any clinical or cognitive variables in the elderly (Martino et al.  2008 ). 

 The use of AEDs (mainly, valproic acid, carbamazepine and oxcarbazepine) in 
the management of behavioural and psychological symptoms in Alzheimer’s  disease 
and related dementias (ADRD) was reported by Dutcher et al. ( 2014 ) in a study 
where these medications were used in 3 % ( N  = 571) of the all dementia patients. 
They observed a functional decline in activity of daily living (ADL) scores and a 
negative effect on cognition over time in most patients. In particular, female users of 
mood stabilisers declined most quickly, followed by male non-users, female non- 
users and male users thus suggesting a faster ADL decline in women but not in men 
when these drugs were used. 

 The treatment of behavioural and psychological symptoms in patients with 
dementia has included several different mood stabilisers. Amongst these medica-
tions, only carbamazepine demonstrated its effi cacy in behavioural and psycho-
logical symptoms of dementia (BPSD) in controlled studies (Olin et al.  2001 ), 
but signifi cant adverse events were reported (sedation, hyponatraemia, cardiac 
toxicity), and multiple drug-drug interactions occurred probably because this 
drug is a strong enzymatic inducer. Valproic acid showed some interesting results 
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in BPSD within a large number of open studies and case reports. However, 
amongst the fi ve controlled studies that have been published (Pinheiro  2008 ), 
none confi rmed its effi cacy on these symptoms. Regarding its tolerability in the 
geriatric population, no notable major side effect was reported (haematologic 
and hepatic effects were not more frequent than in the general population), 
except for a possible over-sedation. Moreover, it appears that valproic acid could 
have neuroprotective effects, even if the contrary has also been observed. More 
studies need to be (and are being) conducted, notably on the potentially prophy-
lactic effect of valproic acid in BPSD. Lamotrigine, which may potentially 
induce severe cutaneous side effects when administered with valproic acid, has 
shown its effi cacy in BD, and two recent case reports seem to indicate some 
clinical relevance to BPSD. Oxcarbazepine, theoretically, could be an alternative 
to carbamazepine, which is, as previously mentioned, the only anticonvulsant 
proved to be of clinical benefi t in BPSD. However, no clinical study has been 
published so far to support this hypothesis. This drug, although inducing severe 
and more frequent hyponatraemia than carbamazepine, is better tolerated than 
carbamazepine. Polypharmacotherapy and concomitant psychotropic drugs are 
also reported as risk factors for falls in long-term care setting for elderly patients 
(Baranzini et al.  2009 ; Landi et al.  2005 ). 

 Carbamazepine use was also associated with a nearly tenfold increase in severe 
cutaneous drug reactions in Korean elderly patients (Kim et al.  2013 ). This associa-
tion was consistently high with SCARs in patients who received carbamazepine for 
neuropathic pain. On the other hand, other studies reported that elderly patients had 
a lower incidence of reported allergic skin reactions with mood-stabilising anticon-
vulsants (carbamazepine, lamotrigine and valproic acid), and the risk for other 
ADRs decreases signifi cantly with age, in particular extrapyramidal motor system 
(EPMS) symptoms, galactorrhoea, weight gain and increased liver enzymes. In con-
trast, the risk of developing delirium increased with age, and the risk of developing 
oedema showed a corresponding trend (Greil et al.  2013 ). 

 Koda et al. ( 2012 ) reported the case of a 68-year-old woman with Alzheimer’s 
disease developing renal dysfunction after starting carbamazepine for epilepsy: the 
autopsy found an acute tubulointerstitial nephritis with multiple organ involvement, 
including fatal adrenalitis. 

 Carbamazepine may have negative chronotropic and dromotropic effects on the 
cardiac conduction system (Ide and Kamijo  2007 ). Koutsampasopoulos et al. ( 2014 ) 
reported the case of an 82-year-old woman who was admitted in the hospital follow-
ing a syncopal episode at home and that developed a cardiac syncope due to atrial 
tachycardia combined with complete atrioventricular block as a consequence of 
carbamazepine administration for trigeminal neuralgia. 

 Mood disorders substantially increase the risk of cardiovascular diseases, though 
the mechanisms are unclear. Chronicity of mood symptoms contribute to vasculopa-
thy in a dose-dependent fashion. Fiedorowicz et al. ( 2012 ) reported that patients 
with more manic/hypomanic symptoms had poorer vascular endothelial function. 
Moreover, antipsychotic/mood stabiliser and antidepressant exposure were not 

11 Safety and Tolerability of Mood Stabilisers



226

associated with fl ow-mediated dilation (FMD) or nitroglycerin-mediated vasodila-
tion. Cumulative exposure to antipsychotics and mood stabilisers (in particular, val-
proic acid derivatives, lithium, carbamazepine and lamotrigine) was instead 
associated with vascular stiffness as shown by elevated aortic systolic augmentation 
pressure and total aortic systolic blood pressure. Valproic acid derivative exposure 
was also associated with hypertriglyceridaemia, insulin resistance and low HDL 
cholesterol. 

  The adverse events most commonly reported to the FDA for carbamazepine, 
from 2004 to present, were mainly those induced by drug interactions, hypona-
traemia and pyrexia in patients older than 60 years lamotrigine induced decreased 
haemoglobin level, convulsions and myelodysplastic syndrome more frequently, 
whilst valproic acid was associated with confusional state, convulsions and drug 
interactions.   

11.4     Conclusions 

 Several combinations of mood stabilisers appear to be safe and effective. 
Unfortunately, there is a conspicuous lack of data from randomised controlled trials 
regarding mood stabiliser combinations despite their widespread use, and only lim-
ited data from open-label studies are available for many such combinations. 
Combination therapy introduces considerations such as drug interactions and addi-
tional side effects. The interactions of combinations of mood stabilisers are some-
times complex, often very useful and potentially dangerous. 

 As discussed previously, combination therapy may also decrease compliance. 
One general rule that may reduce the risks of toxic drug interactions is to add medi-
cation to the patient’s current regimen in modest doses and increase the dose slowly. 
This strategy of using low doses is particularly relevant for the elderly bipolar 
patients. 

 Currently, the most useful mood stabiliser combinations are the mixtures of anti-
convulsants and lithium, particularly valproate plus lithium. Carbamazepine, 
lamotrigine and gabapentin have also been added to lithium and appear to be well 
tolerated. Moreover, combinations of anticonvulsants have been used successfully, 
although pharmacokinetic interactions may complicate this strategy, particularly 
when valproate and carbamazepine or valproate and lamotrigine combinations are 
used. Combinations of lithium or anticonvulsant mood stabilisers with standard or 
atypical antipsychotic agents and benzodiazepines have also been used relatively 
successfully. In particular, several second-generation antipsychotics have been 
approved for the management of BD (olanzapine, risperidone, quetiapine, aripipra-
zole, ziprasidone, asenapine, paliperidone). 

 Future research should clarify the mechanisms of action of the most widely used/
mood stabilisers as these are currently not well understood. This will give clinicians 
the possibility of using combinations of different mood stabilisers more rationally 
and improve clinical outcomes in treated patients.     
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    Chapter 12   
 Safety and Tolerability of Medications 
for ADHD                     

       Antonio     Clavenna      and     Maurizio     Bonati   

    Abstract     Attention defi cit hyperactivity disorder (ADHD) is a common neurobe-
havioral disorder in children and adolescents that comprises core symptoms of 
developmentally inappropriate levels of inattention and/or hyperactivity and impul-
sivity. Current drug treatment approaches for ADHD comprise stimulant medica-
tions (methylphenidate, amphetamines) and non-stimulant medications 
(atomoxetine, clonidine and guanfacine). Drugs for ADHD appear to be safe and 
well tolerated, and most of the adverse events observed in randomised clinical trials 
were mild and temporary. Stimulants and atomoxetine are associated with decreased 
appetite and gastrointestinal pain. An increased risk of insomnia exists for stimu-
lants, while atomoxetine and alpha-2 agonists are associated with somnolence. 
Long-term safety is poorly evaluated. Concerns regarding cardiovascular and psy-
chiatric adverse events have been raised by regulatory authorities in the last decade. 
However, there is currently no proven association between ADHD medications and 
an increased risk of these events, and their incidence is extremely low.  

  Keywords     Attention defi cit hyperactivity disorder   •   Amphetamines   •   Atomoxetine   
•   Methylphenidate  

12.1         Attention Defi cit Hyperactivity Disorder (ADHD) 

 Attention defi cit hyperactivity disorder (ADHD) is a common neurobehavioral dis-
order in children and adolescents that comprises core symptoms of developmentally 
inappropriate levels of inattention and/or hyperactivity and impulsivity (American 
Psychiatric Association  2013 ). 
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 The prevalence of ADHD is estimated to be approximately 7.2 % (95 % CI 6.7–
7.8) in children and 5.0 % (95 % CI 4.1–6.2) in adults according to the results of 175 
epidemiological studies, although wide differences were reported across geographi-
cal regions (Thomas et al.  2015 ; Willcutt  2012 ). Diagnostic criteria, study setting, 
size of population, study design and medical culture of patients as well as healthcare 
practitioners can affect these estimates (Thomas et al.  2015 ; Willcutt  2012 ). 

 Several drug therapies for the treatment of ADHD have been evaluated in ran-
domised controlled trials. 

 Current drug treatment approaches for ADHD comprise stimulant medications 
(methylphenidate, amphetamines) and non-stimulant medications (atomoxetine and 
alpha-2 agonists clonidine and guanfacine). 

 Stimulants enhance the neurotransmission of dopamine and norepinephrine, ato-
moxetine selectively blocks the reuptake of norepinephrine, clonidine binds equally 
to α 2A-, α 2B-, and α 2C-adrenoceptors, while guanfacine binds preferentially to 
postsynaptic α 2A-adrenoceptors in the prefrontal cortex which have been impli-
cated in attentional and organisational functions. 

 Differences exist between countries in the availability of ADHD medications. 
Atomoxetine, immediate and sustained-release formulations of methylphenidate, 
amphetamines, guanfacine and clonidine are registered in the USA. In Europe, only 
atomoxetine and methylphenidate are commercially available. Guanfacine and 
clonidine are not licensed for use in ADHD in Europe (extended release guanfacine 
was approved by European Commission in September 2015), while amphetamines 
are available only in some countries. 

 It is widely recognised that interventions in ADHD should be based on multi-
modal treatment combining psychosocial interventions with pharmacological thera-
pies. There is a consensus on the treatment of ADHD in the international guidelines 
regarding the recommended use of psychostimulant drugs, particularly methylpheni-
date, as fi rst-line treatment, with a documented effi cacy in 80 % of children consider-
ing all psychostimulants as a class. Atomoxetine, although less effective than 
stimulants, may be recommended as an alternative to methylphenidate (American 
Academy of Pediatrics  2011 ; National Collaborating Centre for Mental Health  2008 ).  

12.2     Safety of ADHD Medications 

 There is mounting evidence that many conditions exist concurrently with ADHD, 
and each modifi es the overall clinical presentation and treatment response. About 
two-thirds of children with ADHD have comorbid learning disorders, other mental 
health or neurodevelopmental conditions and other nonpsychiatric disorders (Becker 
et al.  2012 ; Chen et al.  2013 ; Elia et al.  2008 ). These comorbid conditions should be 
considered together in order to broaden our understanding of the clinical picture and 
optimise treatment. The signifi cance of this issue is underscored by the fact that a few 
disorders (e.g. oppositional defi ant disorders and conduct disorders, depression and 
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anxiety disorders, bipolar disorders, tic disorders, obsessive compulsive disorders 
and autism spectrum disorders) are relatively common and genetically related, their 
occurrence is associated with more severe impairment, and they are often underdiag-
nosed (Gillberg et al.  2004 ). Moreover, the same disorder can be a comorbid condi-
tion occurring before the start of pharmacological treatment (e.g. tics, sleep disorders), 
as well as a drug side effect (Simpson et al.  2011 ). Thus, in clinical practice, in par-
ticular in psychiatry, it is a challenge to discriminate between an adverse drug reac-
tion and an exacerbation of a disease. Not all the studies investigating the safety of 
drugs adequately address the prevention or minimisation of methodological bias, and 
these limitations should be taken into account when evaluating adverse events (AEs) 
reported for pharmacological treatments described in the following sections. 

12.2.1     Findings from Clinical Trials 

 Since their approval, several issues have affected the use of ADHD medications, 
such as tolerability, the presence of comorbidities, potential substance abuse risk 
and lack of effi cacy (Vaughan and Kratochvil  2012 ). 

 Hundreds of clinical studies have reported that ADHD drugs are generally 
well tolerated and that most of their adverse effects are mild and/or temporary 
(Aagaard and Hansen  2011 ; Cortese et al.  2013 ; Graham et al.  2011 ; Graham and 
Coghill  2008 ). 

 Several meta-analyses have addressed the safety of methylphenidate, atomox-
etine and alpha-2 agonists in children with ADHD (Aagaard and Hansen  2010 ; 
Cheng et al.  2007 ; Hirota et al.  2014 ; Ruggiero et al.  2014 ; Schachter et al.  2001 ; 
Schwartz and Correll  2014 ). 

 According to the fi ndings of clinical trials, irritability, crying, sleeping problems, 
daydreams and anxiety were the most frequent AEs reported for stimulant users. 
Decreased appetite and emotional disturbances were common AEs in children tak-
ing stimulants or atomoxetine. Headache and gastrointestinal pain were among the 
most frequent AEs reported for all ADHD medications, while somnolence and 
fatigue were more commonly reported with atomoxetine and alpha-2 agonists 
(Table  12.1 ).

   When compared to placebo (Table  12.2 ), the short-term effects of lisdexamfet-
amine and immediate-release methylphenidate are decreased appetite (number 
needed to harm, NNH = 3 and 4, respectively) and insomnia (NNH = 8 and 7) 
(Coghill et al.  2014 ; Schachter et al.  2001 ), while atomoxetine was associated with 
signifi cantly decreased appetite (NNH = 9), increased somnolence (NNH = 19) and 
abdominal pain (NNH = 23) (Cheng et al.  2007 ).

   An increased odds ratio was found mainly for somnolence (NNH = 5), fatigue 
(NNH = 15), and sedation (NNH = 16) in guanfacine-treated patients (Ruggiero 
et al.  2014 ) and for somnolence (NNH = 4) and fatigue (NNH = 8) in patients 
treated with clonidine (Hirota et al.  2014 ).  
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12.2.2     Findings from Spontaneous Reporting 

 ADHD medications were among the drugs most commonly associated with sponta-
neously reported ADRs in pediatric populations (Blake et al.  2014 ; Hawcutt et al. 
 2012 ; Lee et al.  2014 ). 

 Methylphenidate was the most commonly suggested cause of spontaneously 
reported ADRs in the UK (covering 6 % of drug-related ADRs) (Hawcutt et al. 
 2012 ), and in the USA (5 %) (Lee et al.  2014 ) and the second most commonly 

   Table 12.1    Adverse drug event reporting rates (%) by category   

 ADE 
 AMP (%) 
(5; 1,226) a  

 MPH (%) 
(16; 2,092) a  

 ATX (%) 
(21; 3,127) a  

 GUA (%) 
(6; 1,150) a  

 CLO (%) 
(1; 154) a  

 Irritability  7–82  1–80  2–12  6–7  8 
 Crying  76  2–71  1  –  – 
 Sleeping problems  70  9–64  –  –  – 
 Decreased appetite  28–59  3–56  3–50  7  – 
 Daydreams  62  30–62  –  –  – 
 Anxiety  68  5–61  –  –  – 
 Emotional disturbances  59  1–56  3–55 b   –  4 
 Social withdrawal  64  27–59  –  –  – 
 Fingernail biting  40  22–45  –  –  – 
 Stomachache  40  4–32  5  –  – 
 Anorexia  17–25  3–15  9–35  –  – 
 Headache  12–30  2–33  4–28  17–27  – 
 Insomnia  17–28  2–44  3–19  4  4 
 Tics  26  1–28  31  –  – 
 Somnolence  5  1–2  4–36  27–51  35 
 Mood alteration  –  1–34  44  –  – 
 Dizziness  5–32  1–30  2–13  5–16  – 
 Gastrointestinal pain  11–19  4–19  5–47  6–14  – 
 Nightmares  28  16–21  –  –  6 
 Unusually happy  26  28  –  –  – 
 Fatigue  2  1–4  3–33  9–22  14 
 Dry mouth  5  12–24  –  6  3 
 Blood pressure 
changes 

 –  3–18  18  6  – 

 Nervousness  6  4–10  6–16  –  – 
 Changes in heart rate  –  12  11–19  –  – 
 Abnormal behavior  –  1–5  2–19  –  – 
 Depression  –  5  3–10  –  – 

  Data from Aagaard and Hansen ( 2011 ), Ruggiero et al. ( 2014 ) and Hirota et al. ( 2014 ). Only ADEs 
with rate ≥10 % for at least one medication were reported 
  AMP  amphetamine,  MPH  methylphenidate,  ATX  atomoxetine,  GUA  guanfacine,  CLO  clonidine 
  a N of studies; N of children 
  b Emotional lability  
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suggested cause of ADRs in Europe (2 % of all the pediatric ADRs) (Blake 
et al.  2014 ). 

 Atomoxetine was the drug for which the second largest number of spontaneously 
reported ADRs was registered in the UK (Hawcutt et al.  2012 ). 

 ADHD medications accounted for 14 % of ADRs collected in the World Health 
Organization global individual case safety report database (VigiBase) during the 
2005–2010 period occurring in children aged 2–11 years. ADRs concerned mainly 
decreased appetite, psychomotor hyperactivity, upper abdominal pain, aggression, 
somnolence and suicidal ideation (Star et al.  2011 ).  

12.2.3     Regulatory Authorities’ Warnings 

 Drug regulatory authorities raised several concerns about cardiovascular and psy-
chiatric adverse drug reactions associated with ADHD medications in the last 
decade (Clavenna and Bonati  2009 ). 

 In the USA, the Food and Drug Administration (FDA) issued a black box warn-
ing for amphetamines (risk of serious cardiovascular events and risk of drug depen-
dence), methylphenidate (risk of drug dependence), and atomoxetine (risk of 
suicidal ideation). Other related warnings not leading to a black box warning con-
cerned psychiatric adverse events, effects on growth, heart rate and blood pressure 
(Table  12.3 ).

   The most recent warning issued by the FDA concerned the risk of priapism in 
males treated with methylphenidate (Food and Drug Administration  2013 ). 
According to the FDA statement, this risk is also associated with atomoxetine and 
amphetamine use.  

   Table 12.2    Number needed to harm (NNH) estimated from RCTs   

 ADE  AMP  MPH  ATX  GUA  CLO 

 Discontinuation  26 (15–84)  –  50 (33–100)  15 (12–21)  5 (4–10) 
 ≥1 AE  6 (4–10)  –  7 (5–13)  7 (5–10)  4 (2–50) 
 Decreased appetite  3 (3–4)  3 (2–5)  9 (7–12)  –  – 
 Insomnia  8 (6–10)  6 (4–12)  n.s.  –  – 
 Gastrointestinal pain  –  11 (6–83)  10 (8–14)  22 (14–48)  – 
 Somnolence  –  –  19 (12–44)  5 (3.5–4.9)  4 (3–5) 
 Fatigue  –  –  62 (38–182)  15 (11–21)  8 (5–15) 
 Headache  –  17 (10–71)  –  17 (10–52)  – 
 Irritability  19 (13–35)  –  –  33 (19–112)  – 
 Dizziness  39 (22–186)  20 (12–45)  53(33–131)  –  – 
 Vomiting  –  –  30 (16–171)  –  – 

  Data from Coghill et al. ( 2014 ), Schachter et al. ( 2001 ), Cheng et al. ( 2007 ), Ruggiero et al. ( 2014 ), 
Hirota et al. ( 2014 ). Confi dence intervals (95 % CI) are reported under parenthesis 
  Abbreviations: ADE  adverse drug event,  AMP  amphetamine (lisdexamfetamine),  MPH  methyl-
phenidate,  ATX  atomoxetine,  GUA  guanfacine,  CLO  clonidine  
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12.2.4     Adverse Events of Particular Concern 

 As stated above, despite the fact that most of AEs observed in clinical trials were 
mild and temporary, physicians should be aware of some uncommon severe events 
(e.g. cardiac AEs, psychiatric AEs, suicidal ideation) and on the potential impact of 
drug treatment on child growth and development. 

 Guidelines on this were published in 2011 by the European Network for 
Hyperkinetic Disorders regarding the management of clinically relevant adverse 
effects of ADHD medication (Graham et al.  2011 ). 

 The following paragraphs address the most relevant AEs that clinicians should 
be aware of and monitor when deciding on drug therapy for ADHD. 

   Table 12.3    Adverse drug events for ADHD medications that were highlighted in warnings issued 
by the Food and Drug Administration   

 MPH  AMP  ATX  GUA  CLO 

 Drug dependence a   Drug dependence a   Suicidal 
ideation a  

 Hypotension, 
bradycardia 
and syncope 

 Hypotension, 
bradycardia and 
syncope 

 Serious 
cardiovascular 
events 

 Serious 
cardiovascular 
events a  

 Serious 
cardiovascular 
events 

 Sedation and 
somnolence 

 Sedation and 
somnolence 

 ↑ Blood pressure 
and heart rate 

 ↑ Blood pressure 
and heart rate 

 ↑ Blood 
pressure and 
heart rate 

 Cardiac 
conduction 
abnormalities 

 Cardiac 
conduction 
abnormalities 

 Psychiatric 
adverse events 
(psychosis, 
aggression, 
bipolar disorder) 

 Psychiatric 
adverse events 
(psychosis, 
aggression, 
bipolar disorder) 

 Psychiatric 
adverse events 
(psychosis, 
aggression, 
bipolar 
disorder) 

 Long-term 
suppression of 
growth 

 Long-term 
suppression of 
growth 

 Long-term 
suppression of 
growth 

 Priapism  Priapism  Priapism 
 Seizures  Seizures  Severe liver 

injury 
 Peripheral 
vasculopathy 

 Peripheral 
vasculopathy 

 Allergic events 

 Visual 
disturbance 

 Visual 
disturbance 

 Urinary 
retention 

 Potential for 
gastrointestinal 
obstruction 

 Potential for 
gastrointestinal 
obstruction 

   a Black box warning 
  Abbreviations: MPH  methylphenidate,  ATX  atomoxetine,  GUA  guanfacine,  CLO  clonidine  
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12.2.4.1     Sleep Disturbances 

 Sleep disturbances may be associated both with ADHD medication and with ADHD 
itself. Higher rates of sleep problems were reported by parents in a systematic 
review, but few of these were confi rmed by objective sleep data (Cohen-Zion and 
Ancoli-Israel  2004 ; Cortese et al.  2009 ). 

 Studies on the relationship between psychostimulants and ‘sleep disturbance’ 
assessed with objective methods (e.g. polysomnography, actigraphy) reported 
inconsistent fi ndings (Stein et al.  2012 ). The heterogeneity in results may be 
explained by several factors, including differences in the length of the trial, the dose 
of the drug and duration of exposure. It should be taken into account, however, that 
a meta-analysis of eight studies (393 patients) recording homogeneous actigraphic 
outcomes found that children taking methylphenidate had a decreased mean activ-
ity, a decreased total sleep time and a longer sleep latency compared with children 
taking placebo (De Crescenzo et al.  2014 ). A history of any sleep problems should 
therefore be taken before starting ADHD medication, and if this is a signifi cant 
concern, then atomoxetine could be considered as the fi rst choice. Sleep hygiene 
should be encouraged and a switch of medication should be considered when sleep 
problems persist after dose adjustment and dose scheduling of the original medica-
tion (Graham et al.  2011 ).  

12.2.4.2     Growth 

 Treating ADHD children with stimulants generally results in a reduction in height 
and weight gain. A systematic analysis of psycho-stimulant effects in 18 studies 
found height and weight defi cits. The height reduction was approximately 1  cm/
year during the fi rst 1–3 years of treatment, while the decrease of weight is esti-
mated to be around 3 kg over a 3-year period (Faraone et al.  2008 ). 

 However, the number of children who fall below the fi fth growth percentile did 
not increase. The initial effect of stimulants on growth appears to slow down over 
time, and fi nal adult height does not seem to be affected (Biederman et al.  2010 ). 

 A longitudinal study monitoring 243 ADHD cases and 394 controls did not fi nd 
an association between ADHD or treatment with stimulants and differences in mag-
nitude of peak height velocity (PHV) during adolescence (Harstad et al.  2014 ). The 
mean age of PHV was slightly later in boys treated with stimulants (13.6 years in 
those treated with stimulants for at least 3 years versus 12.9 years in ADHD cases 
never receiving stimulants), but no correlation was found between treatment dura-
tion and change in height for age Z scores, and the adult height was not different in 
ADHD patients treated with stimulants compared with ADHD stimulant naive and 
controls (Harstad et al.  2014 ). A slower body mass index (BMI) growth in child-
hood was observed in children with ADHD and children undergoing stimulant treat-
ment compared with untreated ADHD and non-ADHD (Schwartz et al.  2014 ). 
However, during adolescence, the rate of BMI increase was more rapid in the fi rst 
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group, with BMIs eventually exceeding those of controls (Schwartz et al.  2014 ). 
With regard to atomoxetine, a meta-analysis of seven double blind placebo- 
controlled and six open-label studies found that height and weight at 24 months of 
treatment were 2.5 cm and 2.7 kg lower than the expected values (Kratochvil et al. 
 2006 ). Patient weight, height and body mass index should be monitored every 
6 months, and a growth chart should be used (Graham et al.  2011 ; National 
Collaborating Centre for Mental Health  2008 ).  

12.2.4.3     Tics 

 Psychostimulants increase dopamine levels and can therefore theoretically aggra-
vate tic severity. 

 A meta-analysis including nine double-blind placebo-controlled trials evaluating 
the effi cacy of medications in treatment of ADHD in patients with comorbid tic 
concluded that there is no evidence that methylphenidate worsens tic severity in the 
short-term, that supra-therapeutic doses of dextroamphetamine worsen tics and that 
atomoxetine improves tics (Bloch et al.  2009 ). 

 However, psychostimulants may exacerbate tics in individual cases. Since tics 
are common in childhood and tend to wax and wane spontaneously, an observation 
period of at least 3 months is needed before making a clinical decision. If tics are 
troublesome, clinicians should consider a dose reduction or drug substitution. If 
these measures are ineffective, an antipsychotic could be added to control tics 
(Graham et al.  2011 ).  

12.2.4.4     Cardiac Adverse Events 

 In June 2009, the Food and Drug Administration issued a safety communication to 
warn health professionals about a possible association between stimulant medica-
tions and an increased risk of sudden deaths in healthy children. The alert was issued 
after the completion of a study funded by the FDA and the National Institute of 
Mental Health (NIMH) that compared the use of stimulant medications in 564 
healthy children with a registration of sudden death and in 564 children who died as 
passengers in a motor vehicle accident. Stimulant use was reported by ten out of 564 
children with sudden death versus two out of ten children in the control group 
(Gould et al.  2009 ). Due to the limitation of the study, the FDA was unable to evalu-
ate the presence of a causal association. However, subsequent studies did not fi nd an 
increased risk of cardiovascular events. In a cohort of 1,200,438 children and young 
adults aged 2–24 years, a total of 81 subjects had a serious cardiovascular event (3.1 
per 100,000 person-years) including 33 sudden cardiac deaths (1.3 per 100,000 per-
son-years). As compared with the nonusers, the adjusted rate of serious cardiovascu-
lar events did not differ signifi cantly among current users of ADHD drugs (hazard 
ratio, HR 0.75; 95 % CI 0.31–1.85) or among former users (HR 1.03; 95 % CI 
0.57–1.89) (Cooper et al.  2011 ). In a cohort of 241,417 incident ADHD medication 
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users, no statistically signifi cant difference in the rate of validated sudden death or 
ventricular arrhythmia was found compared to nonusers (HR 1.60; 95 % CI 0.19–
13.60) or all-cause death (HR 0.76; 95 % CI 0.52–1.12) (Schelleman et al.  2011 ). 
Similar fi ndings, i.e. no increased risk of cardiovascular events, were also found in a 
study performed in the adult population (25–64 years) (Habel et al.  2011 ). 

 All stimulant medications and atomoxetine are reported to increase blood pres-
sure. An average increase of 1–5 mmHg of blood pressure and an increase of ≤10 
heart beats per minute have been observed with stimulants (Hammerness et al. 
 2015 ). An average increase of 1–4 mmHg of systolic pressure and 1–2 mmHg in 
diastolic pressure was observed. 

 An increase in blood pressure was observed with atomoxetine, with a stan-
dardised mean difference (SMD) of 0.27 mmHg (95 % CI 0.19–0.35) in diastolic 
blood pressure and 0.15 mmHg (95 % CI 0.06–0.23) in systolic blood pressure 
(Schwartz and Correll  2014 ). Elevation of blood pressure above the 95th percentile 
occurred in 6.8 % of patients (systolic) and 2.8 % (diastolic) treated with atomox-
etine in comparison with 3 and 0.5 % patients treated with placebo (Hammerness 
et al.  2011 ; Wernicke et al.  2003 ). Immediate-release clonidine was associated with 
a signifi cant SMD drop of 0.52 mmHg (95 % CI −0.15 to −0.89) in systolic blood 
pressure and an SMD of – 0.49 mmHg (95 % CI −0.02 to −0.097) in diastolic blood 
pressure. 

 Change in QTc interval showed no signifi cant differences between alpha-2 ago-
nists and placebo (SMD = 0.12, 95 % CI – 0.18–0.43). In a subgroup analyses, 
however, extended-release guanfacine signifi cantly prolonged the QTc interval by a 
mean of 5.3 ms (95 % CI 2.7–7.9) compared to placebo (SMD = 0.33, 95 % CI 
0.12–0.43) (Hirota et al.  2014 ). Pretreatment monitoring of pulse and blood pres-
sure is recommended with any ADHD medication. Blood pressure should be 
 measured prior to treatment and at each visit and converted to a percentile score 
using the appropriate chart. If BP is elevated and above the 95th percentile after at 
least three measurements, patients should be referred to a pediatric cardiologist. 
Moreover, before starting any ADHD drug treatment, family history of cardiac dis-
eases and history of exercise syncope, undue breathlessness and any other cardio-
vascular symptoms should be assessed (Graham et al.  2011 ; National Collaborating 
Centre for Mental Health  2008 ). Routine electrocardiographic screening of ADHD 
patients prior to initiation of medication is not recommended (Graham et al.  2011 ; 
National Collaborating Centre for Mental Health  2008 ).  

12.2.4.5    Suicide-Related Events 

 According to the available evidence, there is a relationship between the presence 
of ADHD itself and suicidal attempts (Impey and Heun  2012 ). Thus it is diffi cult 
to investigate if ADHD medications are associated with an increased risk of sui-
cidal ideation. In September 2005, the US Food and Drug Administration (FDA) 
added a black box warning to the product labelling of atomoxetine. A meta-anal-
ysis of clinical trials observed that suicidal ideation was more frequently recorded 
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among children and adolescents treated with atomoxetine compared to those 
treated with placebo (0.37 %, 5/1,357 versus 0 % (0/851) respectively) with an 
NNH of 227 (Bangs et al.  2008 ). A subsequent meta-analysis did not fi nd a sta-
tistically signifi cant increased risk of suicidal behavior/ideation in children or 
adults treated with atomoxetine compared with placebo (RR 1.57; 95 % CI 0.53–
4.71 and RR 0.96; 95 % CI 0.19–4.74, respectively) (Bangs et al.  2014 ) No com-
pleted suicide was reported, while nine out of 2,445 (0.37 %) children in the 
atomoxetine group had suicidal behavior/ideation. The analysis of data collected 
in the ADHD Italian register identifi ed a total of seven cases of suicidal ideation 
or self-harming behaviour were reported among 971 children treated with atom-
oxetine. No cases were reported among 1,268 children receiving methylpheni-
date. The median time to event for the seven cases was 6 months after the fi rst 
atomoxetine administration and 2 months after an increase in dosage (Capuano 
et al.  2014 ). 

 A study evaluating data from the Swedish national patient register found a greater 
rate of suicide-related events during treatment periods with ADHD medications 
than during nontreatment period (HR = 1.31; 95 % CI 1.19–1.44). On the contrary, 
no evidence of an increased risk was found when comparing the rates of suicide- 
related events for the same patients over different periods (HR = 0.89; 95 % CI 
0.79–1.00) (Chen et al.  2014 ). 

 Although the evidence suggests minimal risk with atomoxetine treatment, 
patients should be appropriately monitored during treatment, in particular after dose 
increase (Graham et al.  2011 ).  

12.2.4.6    Seizures 

 ADHD is a risk factor for seizures in children. The incidence of unprovoked sei-
zures is two- to threefold greater in ADHD than non-ADHD children (Hesdorffer 
et al.  2004 ). Among children with epilepsy, ADHD is the most common psycho-
pathological comorbidity (Dunn et al.  2009 ). Concern exists that ADHD medica-
tions may lower the seizure threshold. However, in ADHD patients without epilepsy, 
the risk of seizure did not differ among methylphenidate, atomoxetine and placebo 
(McAfee et al.  2008 ). 

 Adolescents with epilepsy are at increased risk for depression and suicidal ide-
ation. During ADHD treatment, they should be monitored for the emergence of 
depression, irritability and suicidal ideation (Graham et al.  2011 ).  

12.2.4.7    Psychosis 

 Psychotic symptoms are rarely associated with ADHD drug treatment. A review of 
49 RCTs performed by the Food and Drug Association found 11 psychosis/mania 
events, with a rate per 100 person-years in the pooled active drug group of 1.48 
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(95 % CI 0.74–2.65 per 100 person-years) (Mosholder et al.  2009 ). Among all of 
the pediatric ADHD patients in placebo treatment groups, corresponding to 420 
person- years of placebo exposure, there were no psychosis/mania adverse events. 
The highest rate of psychotic adverse events was observed with transdermal meth-
ylphenidate (13.2 per 100 person-years) followed by dexamfetamine (two per 100 
person-years) (Mosholder et al.  2009 ). 

 A total of 865 unique post-marketing cases were spontaneously reported to 
manufacturers in the period 2000–2005. In the vast majority of cases, there was 
no previous history of a similar psychiatric condition reported. Many young chil-
dren with hallucinations reported visual and/or tactile sensations of insects, 
snakes or worms. When the drug was discontinued, the psychosis/mania-type 
symptoms often resolved (Mosholder et al.  2009 ). According to the guidelines, 
caution is needed when prescribing ADHD drugs to children and adolescents 
with a past history of psychotic episodes or a family history of psychosis (Graham 
et al.  2011 ).  

12.2.4.8    Risk for Substance Use Disorders (SUD) 

 Children with ADHD have been found to be at increased risk for developing SUDs 
(Zulauf et al.  2014 ). 

 Why SUD is linked to ADHD is still unclear. Different hypotheses have been 
developed: substances may be used as a kind of self-medication with the aim to 
decrease symptoms (e.g. depressed mood, insomnia); ADHD and SUD may share 
alterations in dopaminergic neurotransmission and abnormalities in reward circuitry 
(Cortese et al.  2013 ). 

 Concerns have been raised that ADHD medications, in particular stimulants, 
may be associated with an increased risk of SUD. However, this hypothesis is not 
supported by the available evidence. 

 A meta-analysis of 15 longitudinal studies (for a total of 2,565 subjects) did not 
fi nd any increase or reduction of SUD risk associated with ADHD medication 
(Humphreys et al.  2013 ). Previously, meta-analysis of six studies suggested that 
psychostimulant therapy might be associated with a reduced risk of SUD. A 1.9-fold 
(95 % CI 1.1–3.6) reduction in risk for SUD in ADHD youths treated with stimu-
lants compared with youths with no pharmacotherapy was estimated (Humphreys 
et al.  2013 ). Even if the risk of SUD was not proved, an increased risk of misuse/
abuse of ADHD medications is reported. Data from a 10-year follow-up study 
reported a medication misuse in 22 % of ADHD children compared with 5 % of a 
group receiving psychotropic drugs for reasons other than ADHD (Wilens et al. 
 2006 ). Current use or previous substance abuse in the family could be a reason to 
closely monitor patient treated with ADHD medications or a relative contraindica-
tion for stimulant prescription. Atomoxetine or extended-release formulations of 
stimulants should be preferred in high-risk patients, since they are less prone to 
diversion (Graham et al.  2011 ).    
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12.3     Long-Term Safety 

 The majority of the clinical trials that monitored the occurrence of AEs in children 
and adolescents receiving drug treatment for ADHD were short term (Schachter 
et al.  2001 ; Schwartz and Correll  2014 ). In a systematic review of the literature 
(Clavenna and Bonati  2014 ), only six prospective studies were found evaluating the 
long-term safety of ADHD medications (Donnelly et al.  2009 ; Findling et al.  2009 ; 
Harfterkamp et al.  2013 ; Hoare et al.  2005 ; McGough et al.  2005 ; Wilens et al. 
 2005 ). These studies concerned atomoxetine (two studies, 802 patients), the osmotic 
controlled-released oral formulation of methylphenidate (two studies, 512 patients), 
the extended-release formulation of mixed amphetamine salts (one study, 568 
patients) and transdermal methylphenidate (one study, 326 patients). All studies 
were open-label extension that followed patients previously enrolled in a total of 24 
short-term randomised clinical trials, with a duration of treatment ranging from 1 to 
18 weeks. Vital signs (e.g. heart rate, blood pressure), weight and height were moni-
tored in four studies (Donnelly et al.  2009 ; Findling et al.  2009 ; Hoare et al.  2005 ; 
McGough et al.  2005 ). AEs were collected mainly through spontaneous reporting 
by patients and/or caregivers and in one study in combination with investigator 
queries. In four studies, investigators evaluated the severity of AEs and their rela-
tionship to drug treatment (Findling et al.  2009 ; Hoare et al.  2005 ; McGough et al. 
 2005 ; Wilens et al.  2005 ). Heterogeneity was found in the duration of follow-up 
(ranging between 1 and 4 years) and the way data were reported. The rate of discon-
tinuation due to AEs was the only measure reported in all six studies (Table  12.4 ).

   According to the long-term open-label extension studies, the rate of treatment- 
related AEs ranged from 58 to 78 %, and most of the AEs were mild or moderate in 
severity, with a range of 86–98 %. The rate of discontinuation due to AEs ranged 
from 8 to 25 % of the children (Table  12.4 ). The adverse events most commonly 
associated with therapy discontinuation were reported in fi ve out of six studies. 
None of these AEs were reported in all the studies. Insomnia and abdominal pain 
were among the most common AEs leading to discontinuation in four studies. 
Weight loss (32 % of the children who discontinued) and decreased appetite (26 %) 
were the most common reasons for suspending extended-release amphetamine 
(McGough et al.  2005 ), tics (24 %) and decreased appetite (24 %) were the most 
common reasons for discontinuing osmotic controlled-released oral formulation of 
methylphenidate (Wilens et al.  2005 ), and upper abdominal pain (21 %) and emo-
tional lability (17 %) were the most common AEs for atomoxetine discontinuation 
(Donnelly et al.  2009 ). 

 Most of the discontinuation occurred during the fi rst year of treatment. The rate 
of discontinuation in patients treated with extended-release amphetamine was 7 % 
in the fi rst quarter and 6 % in the second quarter. In the third and fourth quarters, it 
decreased to 2 %, after which it was <1 % (McGough et al.  2005 ). The discontinu-
ation rate with osmotic controlled-released oral formulation of methylphenidate 
was 7 % in the fi rst 12 months and 8 % after 24 months (Wilens et al.  2003 ,  2005 ). 
A total of 71 (4 %) out of 1,553 children receiving atomoxetine interrupted the 
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therapy before 3 years had elapsed. The subsequent rate of discontinuation in those 
treated for ≥3 years and ≥4 years was 2 % (Donnelly et al.  2009 ). 

 Only for a few studies was it possible to compare the incidence of AEs over time. 
Harfterkamp et al. compared the rate of AEs during the fi rst 8 weeks of treatment 
with atomoxetine (experimental phase) with the rate during the subsequent 12 weeks 
of treatment. A decrease in the rate across time was observed for all the AEs. In 
particular, a statistically signifi cant reduction was found for nausea (from 13.6 to 
1.1 %,  p  = 0.003) and fatigue (from 18.2 to 6.8 %,  p  = 0.04) (Harfterkamp et al. 
 2013 ). McGough et al. compared the percentage of the AEs reported with extended- 
release amphetamine in four periods, from months 1–6 to months 18–24. For all the 
AEs, the percentage of cases was highest in the fi rst 6 months and decreased with 
time. In all, 58 % of the AEs were recorded during the fi rst 4 months of therapy 
(McGough et al.  2005 ). In studies concerning osmotic controlled-released oral for-
mulation of methylphenidate, the incidence of AEs increased from 42 to 89 % 
between the experimental phase (short-term) and the long-term open-label follow-
 up (24 months) (Wilens et al.  2005 ). No children had tics in the experimental phase, 
and no psychiatric AEs (e.g. aggravation reaction, anxiety, emotional lability and 
hostility) were reported in the short-term RCTs (Clavenna and Bonati  2014 ). An 
increase in the incidence of AEs was observed comparing short-term RCTs with the 
prospective open-label extension trial concerning transdermal methylphenidate 
(from 55 to 81 %). The percentage of children with decreased appetite was similar, 
the incidence of headache increased from 4 to 17 %, while the incidence of insom-
nia, vomiting and nausea decreased. Tics, affect lability and anorexia were reported 
only during short-term trials while abdominal pain and irritability only during the 
open-label extension phase. The incidence of the most common AEs observed in 
the short- and long-term periods is summarised in Fig.  12.1 .

12.4        Conclusions 

 Drugs for ADHD seem to be safe and well tolerated. Decreased appetite, insomnia, 
headache and abdominal pain are the most common adverse events observed both 
in the short- and the long-term studies. Long-term safety and tolerability need to be 
further investigated. Few trials are available with different follow-up duration and 
criteria for defi ning and reporting adverse events. Many AEs are mild or moderate 
in severity, and the incidence of serious events is low. Although the medications for 
ADHD are generally well tolerated, with only mild or minor adverse effects in most 
cases, their rational use can be guaranteed by implementing and monitoring 
evidence- based practice. In this regard, recommendations regarding pretreatment 
screening and monitoring of adverse events issued by the National Institute for 
Health and Care Excellence (NICE) are reported in Box  12.1 .    
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  Fig. 12.1    Incidence (%) of the most common AEs in short versus long periods by drug. Incidence 
was calculated using all the monitored children as denominator (Clavenna and Bonati  2014 ). 
Abbreviations:  MAS XR  extended-release amphetamine       
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  Box 12.1: National Institute for Health and Care Excellence (NICE) 
recommendations (National Collaborating Centre for Mental 
Health  2008 ) 
  Pre-drug treatment assessment  
 Before starting drug treatment, children and young people with ADHD should 
have a full pretreatment assessment, which should include:

•    Full mental health and social assessment  
•   Full history and physical examination, including:

 –    Assessment of history of exercise syncope, undue breathlessness and 
other cardiovascular symptoms  

 –   Heart rate and blood pressure (plotted on a centile chart)  
 –   Height and weight (plotted on a growth chart)  
 –   Family history of cardiac disease and examination of the cardiovascular 

system     

•   An electrocardiogram (ECG) if there is past medical or family history of 
serious cardiac disease, a history of sudden death in young family mem-
bers or abnormal fi ndings on cardiac examination  

•   Risk assessment for substance misuse and drug diversion (where the drug 
is passed on to others for nonprescription use).    

  Monitoring side effects  
 Healthcare professionals should consider using standard symptom and side 
effect rating scales throughout the course of treatment as an adjunct to clinical 
assessment for people with ADHD.

•    In people taking methylphenidate, atomoxetine or dexamfetamine:

 –    Height should be measured every 6 months in children and young 
people.  

 –   Weight should be measured 3 and 6 months after drug treatment has 
started and every 6 months thereafter in children, young people and adults.  

 –   Height and weight in children and young people should be plotted on a 
growth chart and reviewed by the healthcare professional responsible 
for treatment.     

•   If there is evidence of weight loss associated with drug treatment in adults 
with ADHD, healthcare professionals should consider monitoring body 
mass index and changing the drug if weight loss persists.  

•   Strategies to reduce weight loss in people with ADHD or manage decreased 
weight gain in children include:

 –    Taking medication either with or after food, rather than before meals  
 –   Taking additional meals or snacks early in the morning or late in the 

evening when the stimulant effects of the drug have worn off  
 –   Obtaining dietary advice  
 –   Consuming high-calorie foods of good nutritional value     
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•   If growth is signifi cantly affected by drug treatment (i.e. the child or young 
person has not met the height expected for their age), the option of a 
planned break in treatment over school holidays should be considered to 
allow ‘catch-up’ growth to occur.  

•   In people with ADHD, heart rate and blood pressure should be monitored 
and recorded on a centile chart before and after each dose change and rou-
tinely every 3 months.  

•   For people taking methylphenidate, dexamfetamine and atomoxetine, rou-
tine blood tests and ECGs are not recommended unless there is a clinical 
indication.  

•   Liver damage is a rare and idiosyncratic adverse effect of atomoxetine, and 
routine liver function tests are not recommended.  

•   For children and young people taking methylphenidate and dexamfet-
amine, healthcare professionals and parents or carers should monitor 
changes in the potential for drug misuse and diversion, which may come 
with changes in circumstances and age. In these situations, modifi ed- 
release methylphenidate or atomoxetine may be preferred.  

•   In young people and adults, sexual dysfunction (i.e. erectile and ejacula-
tory dysfunction) and dysmenorrhoea should be monitored as potential 
side effects of atomoxetine.  

•   People taking methylphenidate, dexamfetamine or atomoxetine who have 
sustained resting tachycardia, arrhythmia or systolic blood pressure greater 
than the 95th percentile (or a clinically signifi cant increase) measured on 
two occasions should have their dose reduced and be referred to a paedia-
trician or adult physician.  

•   If psychotic symptoms (e.g. delusions and hallucinations) emerge in chil-
dren, young people and adults after starting methylphenidate or dexamfet-
amine, the drug should be withdrawn and a full psychiatric assessment 
carried out. Atomoxetine should be considered as an alternative.  

•   If seizures are exacerbated in a child or young person with epilepsy, or de 
novo seizures emerge following the introduction of methylphenidate or 
atomoxetine, the drug should be discontinued immediately.  

•   If tics emerge in people taking methylphenidate or dexamfetamine, health-
care professionals should consider whether:

 –    The tics are stimulant related (tics naturally wax and wane).  
 –   Tic-related impairment outweighs the benefi ts of ADHD treatment.     

•   If tics are stimulant related, reduce the dose of methylphenidate or dexam-
fetamine, consider changing to atomoxetine, or stop drug treatment.  

  Anxiety symptoms, including panic, may be precipitated by stimulants, 
particularly in adults with a history of coexisting anxiety. Where this is an 
issue, lower doses of the stimulant and/or combined treatment with an antide-
pressant used to treat anxiety can be used; switching to atomoxetine may be 
effective.    
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    Chapter 13   
 Safety of Psychotropic Drugs in Children 
and Adolescents                     

       Florentia     Kaguelidou      and     Eric     Acquaviva    

    Abstract     The recent rise in the use of psychotropic drugs to treat mental disease in 
children and adolescents has not been accompanied by quality research evidence on 
their effi cient and safe use in this population. Currently, 60–70 % of pharmacologi-
cal prescriptions in pediatric psychiatry are considered “off label,” that is, used in 
age ranges, doses, and indications that are not approved by regulatory authorities. In 
addition, children and adolescents exposed to psychotropic drugs may be at higher 
risk than adults for certain adverse events such as metabolic and endocrine abnor-
malities associated with second-generation antipsychotic treatments. They may also 
present adverse events not previously assessed in adults such as growth delay with 
chronic use of methylphenidate. As psychotropic drugs are prescribed to control 
clinical symptoms in long-lasting psychiatric disorders, specifi c attention should be 
paid on the detection of delayed adverse events due to exposure during childhood. 
Further research should also elucidate the physiopathological mechanisms of psy-
chotropic-induced toxicity and the potential value of personalized approaches based 
on genetics and neurobiology. In conclusion, additional safety data are urgently 
needed to clarify the risk-benefi t ratio of psychotropic medications in children and 
adolescents and to adequately guide medical decision-making.  
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  Abbreviations 

   ADHD    Attention defi cit hyperactivity disorder   
  BMI    Body mass index   
  EPS    Extrapyramidal symptoms   
  FGAs    First-generation antipsychotics   
  MAOIs    Monoamine oxidase inhibitors   
  NaSSA    Noradrenergic and specifi c serotoninergic antidepressant   
  SCD    Sudden cardiac death   
  SGAs    Second-generation antipsychotics   
  SNRIs    Serotonin-norepinephrine reuptake inhibitors   
  SSRIs    Selective serotonin reuptake inhibitors   
  SUD    Substance use disorder   
  TCAs    Tricyclic antidepressants   

13.1          Introduction 

 Several millions of children and adolescents are being exposed to psychotropic 
medications worldwide. A fi ve- to ninefold increase on the number of psychotropic 
prescriptions has been observed in most countries during the past 25 years 
(Steinhausen  2014 ; Steinhausen and Bisgaard  2014 ; Thomas et al.  2006 ). 

 There are several explanations to this increase in the use of psychiatric drugs. 
First, the change in modern psychiatry with the emphasis on a medical model as 
compared to a psychosocial interpretation of mental illness led to a greater utiliza-
tion of medical interventions such as pharmacological agents. Moreover, increas-
ing knowledge and awareness about mental disease and its negative social impact 
motivated early management in children and adolescents. Consequently, psychiat-
ric disorders that have a childhood onset have been increasingly diagnosed and 
treated. Likewise, there has been a clear trend toward greater acceptability and 
demand for use of psychotropics in children, especially in those presenting with 
profound social impairment. Finally, in countries with limited availability of non-
pharmacological therapeutic resources and inpatient psychiatric services, the use 
of these agents is a quick and affordable treatment and the only possibility of 
shortening hospital stay and favor outpatient care of these vulnerable patients 
(Harrison et al.  2012 ). 

 Despite the rise in the use of psychotropics to treat mental disease in children and 
adolescents, only a few drugs have a marketing authorization for use in this popula-
tion. Consequently, psychotropics in children and adolescents are prescribed mainly 
“off label,” i.e., for indications that are not approved by regulatory authorities or in 
children who are younger than the approved age ranges. Currently, 60–70 % of 
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prescriptions in pediatric psychiatry are considered “off label” (Koelch et al.  2009 ; 
Winterfeld et al.  2009 ). 

 Still, the majority of psychotropic medications are associated with signifi cant 
adverse reactions in adults; thus their use in children is a major public health issue. 
Children and adolescents may be more susceptible to drug-related adverse events 
than adults, and this susceptibility may vary with age, growth, and developmental 
state. Recently, several regulatory warnings have been issued because of specifi c 
safety concerns such as the increased risk of suicidal behaviors in depressed chil-
dren and adolescents treated with antidepressants although the reality of this asso-
ciation is still under debate (Stone  2014 ). Other recent examples include the rising 
concerns about the cardiac toxicity of methylphenidate and the potential endocrine 
adverse events of second-generation antipsychotics in children. 

 These considerations highlight the need to clarify the safety profi le of psychotro-
pic drugs in children and adolescents to promote their effi cient and safe use and 
improve medical decision-making in routine practice.  

13.2     Safety of Psychotropic Drugs in Children 
and Adolescents 

13.2.1    Psychostimulants 

13.2.1.1    Background 

 The use of psychostimulants in children with behavioral problems dates back to the 
1930s. Currently, methylphenidate is the most frequently prescribed psychostimu-
lant drug worldwide. In most European countries, it is also the only psychostimu-
lant marketed for use in children, whereas in the USA, other molecules such as 
dextroamphetamine, lisdexamfetamine, dexmethylphenidate, and amphetamine 
mixed salts are also authorized in children and adolescents with attention defi cit 
hyperactivity disorder (ADHD). 

 ADHD affects approximately 5 % of school-aged children and about 4 % of 
adults. The main symptoms are inattention, hyperactivity, and impulsivity. 
Individuals with ADHD may have diffi culties in school, troubled relationships with 
family and peers, and low self-esteem. Psychostimulants are the most commonly 
prescribed medications for this indication although other agents such as alpha2-
adrenergic (clonidine, guanfacine) or selective norepinephrine reuptake inhibitors 
(atomoxetine) may also be prescribed. Of course, a multimodal therapeutic approach 
is often necessary for this condition including pharmacological but also patient and 
family counseling or behavioral therapies. This chapter will be limited to the 
description of specifi c side effects of psychostimulants in children and adolescents 
with ADHD.  
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13.2.1.2    Safety of Psychostimulants in Children and Adolescents 

 The most extensively evaluated agent with regard to safety in the treatment of 
ADHD is methylphenidate. Nevertheless, all ADHD psychostimulants share similar 
pharmacological properties, and the described side effects are quite similar for the 
different molecules. 

 The main side effects observed are a decrease in appetite, stomachache, nausea, 
headache, insomnia, and nervousness (Efron et al.  1997 ; Greenhill et al.  2001 ). 
They are typically observed at the initiation of treatment by a psychostimulant 
agent, and a dose-effect relationship has been demonstrated (Efron et al.  1997 ; 
Greenhill et al.  2001 ). Side effects may lead to treatment discontinuation in less 
than 5 % of school-aged children treated with methylphenidate. However, this per-
centage varies widely and is estimated at approximately 9 % of preschoolers and 
18 % of children with pervasive developmental disorders (Efron et al.  1997 ; 
Greenhill et al.  2001 ; Wigal et al.  2006 ). 

 Three major safety issues associated with the use of psychostimulants in children 
and adolescents will be discussed in this chapter as they are specifi c to the pediatric 
population and have been the subject of safety warnings issued by several regula-
tory agencies. 

   Cardiovascular Effects 

   Effects on Blood Pressure and Heart Rate 

 ADHD psychostimulants are sympathomimetic agents which increase noradrener-
gic and dopaminergic transmission. An increase of the heart rate and the blood 
pressure may be considered as one of their intrinsic pharmacological properties 
(Volkow et al.  2003 ). Indeed, clinical examination shortly after administration of 
methylphenidate has shown a slight, but statistically signifi cant, increase in blood 
pressure and heart rate (increase of 2–6 bpm for the heart rate, 2–4 mmHg for the 
systolic blood pressure, and 1–3 mmHg for the diastolic blood pressure) (Cortese et 
al.  2013 ; Hammerness et al.  2011 ; Vitiello  2008 ). 

 In the Multimodal Treatment of Attention Defi cit Hyperactivity Disorder (MTA) 
study, 579 children aged 7–9 years were randomly assigned to one of the four treat-
ments: medication management, behavioral therapy, combination of medication 
management and behavioral therapy, or usual community care, for a total of 
14 months (Vitiello et al.  2012 ). No treatment effect on either systolic or diastolic 
blood pressure could be detected. A moderate increase in the mean heart rate at the 
end of the trial was observed in children treated with stimulants (84.2 bpm 
[SD = 12.4] in the medication management group and 84.6 bpm [SD = 12.0] in med-
ication management and behavioral therapy) compared to those treated with behav-
ioral therapy alone or usual community treatment (79.1 [SD = 12.9] and 78.9 bpm 
[SD = 12.9], respectively). Conversely, a large open-label study including 2,968 
children treated for up to 15 weeks with amphetamine salts showed moderate 
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increases in both heart rate and blood pressure which tended to persist but were 
considered not clinically relevant (Donner et al.  2007 ). Furthermore, currently 
available data do not support the potential association between the use of stimulant 
medications and risk of electrocardiographic modifi cations (Awudu and Besag 
 2014 ). 

 Beyond 2 years of treatment, limited evidence on cardiovascular toxicity is avail-
able. The MTA study included a naturalistic follow-up of participants at 3, 6, 8 and 
10 years and did not show any increased risk of hypertension or tachycardia. Yet, 
subjects with highest cumulative stimulant exposure during the trial presented 
higher heart rates 8 years after treatment discontinuation regardless of current medi-
cation use (Vitiello et al.  2012 ). This raises the question of a potential impact of 
stimulant treatment on long-term blood pressures and heart rates in previously 
treated patients. Indeed, the risk for cardiovascular disease increases with increas-
ing values of blood pressure even though no specifi ed cutoff has been defi ned 
(Vitiello  2008 ). Currently, there is no evidence supporting the presence of an 
increased risk for hypertension or cardiovascular disease in adults who were medi-
cated as children. Yet, this issue is still poorly investigated especially with regard to 
the fact that stimulant treatments are usually prescribed from early childhood to 
adulthood. It is of note that self-reported cardiac events in adulthood were not asso-
ciated with past ADHD medications in the 2004–2005 National Epidemiologic 
Survey on Alcohol and Related Conditions (NESARC) (Peyre et al.  2014 ).  

   Sudden and Severe Cardiovascular Events 

 In 2006, the FDA has issued several safety warnings after 18 sudden cardiac deaths 
in children treated with psychostimulant medications between 1992 and 2005. 
However, six of these patients presented underlying cardiac abnormalities (Bange et 
al.  2014 ). Ever since, the potential risk association between stimulant treatment and 
sudden cardiac events (sudden cardiac death, acute myocardial infarction, and stroke) 
in children has been a major focus. In a US population-based cohort study of children 
and young adults, current users of ADHD medications were not found to be at 
increased risk of severe cardiovascular events when compared to nonusers and for-
mer users (Cooper et al.  2011 ; Gould et al.  2009 ). Similarly, a review of fi ve popula-
tion-based studies based on insurance claims data showed a moderate association of 
ADHD stimulant medications and occurrence of mild cardiovascular events such as 
tachycardia. However, no association with more serious events such as sudden car-
diac death, stroke, or myocardial infarction was found (Winterstein et al.  2012 ). To 
date, there is no reliable evidence to support risk association between ADHD stimu-
lant drugs and severe cardiovascular events in children and adolescents. 

 Thus, the European ADHD Guidelines Group recommends a thorough clinical 
interview to determine any potential cardiovascular risk factor before starting stim-
ulant medication (Cortese et al.  2013 ). Baseline heart rate and blood pressure should 
be recorded and monitored every 3–6 months during therapy. Electrocardiographic 
and cardiac ultrasound examinations are not to be performed systematically except 
for individuals with personal or family cardiovascular risk factors.   
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   Growth and Metabolic Effects 

 The possibility that long-term stimulant treatment of children may impact growth 
velocity is now well documented. From 6 months to 3.5 years of treatment, an 
analysis of 18 cohort studies of psychostimulants prescriptions found evidence of 
signifi cant height and weight defi cits in treated populations (Faraone et al.  2008 ). 
The effect on weight typically emerges in the fi rst few months of treatment and 
stabilizes afterward, but the effect on height takes at least 1 year to become clini-
cally detectable. The defi cit in height is estimated to be approximately of 1 cm per 
year during the fi rst 1–3 years of therapy in children treated with methylphenidate 
daily doses above 20 mg (Cortese et al.  2013 ; Faraone et al.  2008 ; Poulton  2005 ). 
Nevertheless, weight and height rebounds have been reported after treatment dis-
continuation, and a full compensation of the initial weight and height drug-induced 
loss is possible 2 years after the end of stimulant therapy (Cortese et al.  2013 ; 
Faraone et al.  2008 ). No differences on growth suppression were found between 
users of methylphenidate and those of other psychostimulant agents (Faraone et al. 
 2008 ). 

 The results of the Multimodal Treatment of Attention Defi cit Hyperactivity 
Disorder (MTA) study suggest that the effects of stimulants on growth and weight 
are dose dependent. In the four treatment groups, medication management, behav-
ioral therapy, combination of medication management and behavioral therapy, and 
routine community care, mean height increase during study period (14 months of 
treatment and 10 month follow-up) was, respectively, 4.25 cm, 6.19 cm, 4.85 cm, 
and 5.68 cm. The estimated loss of height was 1.23 cm/year in the medication man-
agement group. With regard to weight, the respective gain observed was 1.64 kg, 
4.53 kg, 2.52 kg, and 3.13 kg. Again, estimated loss of weight was 2.48 kg/year in 
the medication management group (MTA Cooperative Group National Institute of 
Mental Health Multimodal Treatment Study of ADHD follow-up: 24 month out-
comes of treatment strategies for attention defi cit hyperactivity disorder  2004 ). 
During the naturalistic follow-up of the MTA population, growth suppression was 
especially evident during the fi rst 2 years of stimulant treatment (MTA Cooperative 
Group National Institute of Mental Health Multimodal Treatment Study of ADHD 
follow-up: 24 month outcomes of treatment strategies for attention defi cit hyperac-
tivity disorder  2004 ; Biederman et al.  2010 ). 

 In a large cohort of adults with ADHD using data from the National Epidemiologic 
Survey on Alcohol and Related Conditions (NESARC), ADHD participants who 
received stimulants ( n  = 216) had a mean height of 68.29 in. (SD = 0.34), those who 
never received stimulants ( n  = 591) had a mean height of 67.90 in. (SD = 0.23), and 
participants without ADHD ( n  = 33,846) had a mean height of 66.93 in. (SD = 0.05). 
Following statistical adjustments, no signifi cant difference in adult height was found 
between groups (Peyre et al.  2013 ). 

 In conclusion, current evidence supports the association between the use of stim-
ulants and height and weight gain delays. Impact on growth seems to be dose depen-
dent and reversible after discontinuation of the stimulant agent. These delays do not 
seem to affect fi nal height, but further data from children with long-term stimulant 
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medication and use during puberty are needed to clarify this issue. Also, the under-
lying physiopathological mechanisms remain to be defi ned. A fi rst hypothesis is 
related to the decrease of appetite caused by stimulant medications. According to 
another hypothesis, hypothalamic dopamine changes induced by stimulants would 
be associated with modifi cations of the pituitary function and subsequently growth. 
This last hypothesis may further be supported by the fact that dopamine antagonists 
increase weight and appear to accelerate height growth. More recently, a transient 
decrease in insulin-dependent growth factor after 4 months of stimulant treatment 
was reported in a small number of children, but no changes were evident after 8 or 
14 months of follow-up. Despite these hypotheses, the mechanism implicated in the 
height growth delay is still unknown (Vitiello  2008 ). 

 Giving these elements, the European ADHD Guidelines Group and several 
national regulatory agencies recommend monitoring of appetite, weight, height, and 
body mass index every 6 months in children and adolescents under stimulant ther-
apy (Graham et al.  2011 ). Some clinicians also recommend the administration of 
medication after meal, use of high-calories snacks or late evening meals, and dis-
continuation of treatment during weekends or holidays, but evidence on the impact 
of these measures is extremely limited. Moreover, the reduction of drug dose and 
switching to alternative drug class or formulation have been proposed. Addressing 
patients to a pediatric endocrinologist or a growth specialist is advised when height 
and weight values are below critical thresholds.  

   Psychiatric and Neurological Effects 

 The association between the use of stimulant medications and stimulant misuse or 
substance use disorder has been extensively evaluated. On one hand, most of studies 
did not fi nd an increased risk in stimulants misuse in treated ADHD children and 
adolescents. Although the misuse of stimulants is estimated to be between 5 % and 
9 % in high school and up to 35 % in college-aged populations (Goldstein  2013 ; 
Wilens et al.  2008 ), ADHD patients were not found to be more at risk of stimulant 
misuse than non-ADHD subjects. Several factors related to the risk of stimulant 
misuse have been determined such as the presence of a conduct disorder, use of 
immediate release psychostimulant agents, and male gender. Therefore, it is advised 
to closely monitor the use of psychostimulant in patients with current or previous 
substance abuse history and to preferably use extended release formulations (Cortese 
et al.  2013 ; Wilens and Morrison  2011 ). On the other hand, ADHD children and 
adolescents are more susceptible to present substance use or substance use disorder 
(SUD) than non-ADHD individuals (Molina et al.  2013 ). Several studies have eval-
uated whether the use of stimulants increases further this existing risk, and results 
are quite controversial. A meta-analysis of six studies suggests that psychostimulant 
therapy in childhood might be associated with a reduction in the risk of alcohol or 
drug use disorders. The ADHD-treated population of children was 1.9 (1.1–3.6) less 
at risk of abuse compared to nontreated ADHD children (Wilens et al.  2003 ). A 
more recent meta-analysis however suggested that the treatment of ADHD with 
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stimulant medication neither protects nor increases the risk for later substance use 
disorder (Humphreys et al.  2013 ). All these results underline the need to carefully 
monitor children and adolescents with ADHD especially given their increased risk 
for use and abuse of multiple substances that may not improve with stimulant medi-
cation (Molina et al.  2013 ). 

 The occurrence of suicidal thoughts and behaviors during stimulant treatment 
has also been studied. A register-based longitudinal study did not fi nd any evidence 
of an association between the use of drug treatments for ADHD and the risk of sui-
cidal behavior (Chen et al.  2014 ). However, it is highly recommended to screen 
patients for suicidal thoughts and behavior before starting stimulant medication and 
continue appropriate monitoring during treatment. Due to the high rate of psychiat-
ric comorbidities in ADHD, focus on the management of disorders underlying sui-
cidal thoughts or behaviors is also advised. The European ADHD Guidelines Group 
does not consider the presence of suicidal thoughts or behaviors as an absolute 
contraindication for ADHD drugs; however a dose reduction or discontinuation 
may be warranted (Graham et al.  2011 ). 

 Occurrence of other psychiatric symptoms such as psychotic symptoms has been 
found in approximately 1.5 % of ADHD subjects treated with stimulants in a review 
of post-marketing surveillance reports and clinical trials (Mosholder et al.  2009 ). It 
is recommended to reduce therapeutic doses of ADHD drugs or to consider discon-
tinuation of ADHD treatment in case of occurrence of such symptoms. 

 Further, in patients with tic disorders, the use of ADHD stimulant agents may 
worsen clinical symptoms. However, a Cochrane Collaboration meta-analysis con-
cluded that psychostimulants do not overall worsen tics but may do so in individual 
cases (Pringsheim and Steeves  2011 ). To date, there is no evidence associating treat-
ment by stimulant to the onset of tic disorders (Roessner et al.  2006 ). 

 Finally, there is no evidence of an increased risk of seizure episodes in psycho-
stimulant-treated children with well-controlled epilepsy (Koneski and Casella  2010 ; 
Koneski et al.  2011 ). Nevertheless, the use of methylphenidate is not recommended 
in case of seizures, and a close collaboration between pediatric neurologists and 
psychiatrists is recommended in children with epilepsy.    

13.2.2    Antidepressants 

13.2.2.1    Antidepressant Classes and Indications 

 The most important classes of antidepressants prescribed in children and adoles-
cents are the following: (1) selective serotonin reuptake inhibitors (SSRIs) (citalo-
pram, fl uoxetine, fl uvoxamine, paroxetine, sertraline, escitalopram), (2) 
serotonin-norepinephrine reuptake inhibitors (SNRIs) (venlafaxine, milnacipran, 
duloxetine), (3) tricyclic antidepressants (TCAs) (imipramine, amitriptyline, nor-
triptyline), (4) noradrenergic and specifi c serotoninergic antidepressant (NaSSA) 
(mirtazapine), and (5) monoamine oxidase inhibitors (MAOIs) (phenelzine, 
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selegiline). Other classes of antidepressants are also marketed for use in adults but 
marginally used in children such as melatonergic antidepressants (agomelatonin), 
norepinephrine reuptake inhibitors (reboxetine), or norepinephrine-dopamine reup-
take inhibitors (bupropion). In children, SSRIs are the most commonly prescribed 
agents, representing approximately 70–80 % of total antidepressants’ prescriptions 
(Hoffmann et al.  2014 ; Ma et al.  2005 ; Wijlaars et al.  2012 ). 

 Antidepressants are prescribed in three main indications in children and 
adolescents:

    1.    Depression: In most countries, fl uoxetine is the only antidepressant approved by 
national agencies to treat depression in children over the age of 8 years. In some 
countries such as the USA, escitalopram is also labeled for use in children aged 
over 12 years.   

   2.    Obsessive-compulsive disorder: fl uvoxamine and sertraline are authorized in 
several European countries and in the USA. In addition, fl uoxetine and clomip-
ramine are also authorized in this indication in the USA.   

   3.    Child enuresis: A tricyclic antidepressant, imipramine, is authorized in many 
countries for childhood enuresis from the age of 6 years.     

 The use of antidepressants in children and adolescents has been evaluated in 
several other indications. The effi cacy of SSRIs associated with a cognitive-
behavioral therapy (CBT) in anxiety disorders has been extensively studied. 
SRRIs have also been evaluated in ADHD, but data remain scarce (Mohatt et al. 
 2014 ; Park et al.  2014 ; Piacentini et al.  2014 ; Strawn et al.  2014 ). The use of 
TCAs has been evaluated in depression, ADHD, anxiety disorders, and chronic 
pain (Ghanizadeh  2013 ; Hazell and Mirzaie  2013 ; Kachko et al.  2014 ; Patten et al. 
 2012 ) and specifi cally that of amitriptyline for the treatment of chronic migraine 
and functional abdominal pain in children and adolescents (Kaminski et al.  2011 ; 
Powers et al.  2013 ). However, no further regulatory approvals have been issued 
mainly because of the limited sample size and the low methodological quality of 
these studies.  

13.2.2.2    Safety of Antidepressants in Children and adolescents 

   Suicidal Behaviors and Use of Antidepressants 

 Since 2003, concerns have been raised about the possible risk of increased suicidal 
behaviors in children and adolescents with depression treated with antidepressant 
agents. In 2004, the FDA and many other national regulatory agencies issued warn-
ings concerning the risk of suicidal behavior associated with the use of antidepres-
sants in children and adolescents. Indeed, a meta-analysis conducted by the FDA 
showed an increase in the risk of suicidal behaviors and ideations among young 
patients treated with antidepressants for psychiatric indications as compared with 
placebo-treated patients (OR = 2.22 [1.40–3.40]) (Friedman and Leon  2007 ). 
Another meta-analysis conducted by the Cochrane Collaboration also found an 
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increased risk of suicide attempts and suicidal ideations of (OR = 1.80 [1.19–2.72]) 
in depressed children and adolescents treated with SSRIs versus placebo (Hetrick et 
al.  2007 ). 

 Regulatory warnings do not distinguish between the different antidepressant 
agents. Nevertheless, drug characteristics in terms of receptor selectivity and elimi-
nation half-life are different. In this respect, a systematic review of published and 
unpublished data suggests that fl uoxetine presents a favorable risk-benefi t profi le, 
paroxetine and sertraline present an equivocal or weak risk-benefi t profi le, and ven-
lafaxine and citalopram present an unfavorable risk-benefi t profi le in childhood 
depression (Whittington et al.  2004 ). 

 Furthermore, among 102,647 US depressed children and young adults aged 
10–24 years who initiated therapy with antidepressants, similar rates of deliberate 
self-harm were observed with either SSRI or SNRI agents (Miller et al.  2014a ). 
However, the rate of deliberate self-harm among patients who initiated therapy with 
antidepressants at high therapeutic doses was approximately twice as high as among 
matched patients who initiated modal therapeutic doses (hazard ratio (HR) = 2.2 
[1.6–3.0]) (Miller et al.  2014b ). A 2012 Cochrane meta-analysis found evidence of 
an increased risk of suicide-related outcome in children and adolescents treated 
with antidepressants compared to placebo (RR 1.58 [1.02–2.45]). Nevertheless, 
there was no evidence that the magnitude of the effect (compared with placebo) was 
modifi ed by individual antidepressant class (Hetrick et al.  2012 ). It was also found 
that initiating antidepressants at higher therapeutic doses increased the risk of delib-
erate self-harm in children and adolescents. Finally, some studies demonstrated a 
similar risk of suicidal acts for SSRIs and TCAs (RR = 0.92 [0.43–2.00]) 
(Schneeweiss et al.  2010 ). 

 Following regulatory warnings about antidepressants’ use, the rate of depression 
diagnoses and prescription of antidepressant drugs decreased in many countries 
(Gibbons et al.  2007 ; Kurdyak et al.  2007 ; Murray et al.  2005 ). Thus, the risk of 
“doing nothing” progressively became a concern and a matter of debate (Friedman 
 2014 ; Stone  2014 ). In fact, some epidemiological studies have shown that the sui-
cide rate in adolescents was inversely associated with the rate of antidepressants’ 
prescriptions (Friedman  2014 ; Gibbons et al.  2006 ; Stone  2014 ).  

   Other Psychiatric Side Effects 

 Other psychiatric side effects related to the use of antidepressants in children and 
adolescents may be grouped into (1) mania spectrum (mania, hypomania, elevated 
mood), (2) depression spectrum (aggravation of depression, irritability anger, hyper-
sensitivity), (3) agitation spectrum (agitation, akathisia, restlessness, nervousness, 
hyperactivity), and (4) anxiety symptoms (Emslie et al.  2006 ; Gordon and Melvin 
 2013 ). 

 The related manic switching in vulnerable adolescents treated with antidepres-
sants is estimated to be 5.4 % (Martin et al.  2004 ). Randomized trials have sug-
gested that the risk is less than 2 % in the short and medium term after drug initiation 
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(Cheung et al.  2005 ). Simple mania spectrum symptoms are globally more preva-
lent than hypomania. Retrospective studies have found that fl uoxetine can cause 
irritability and hypomania-like symptoms and sertraline “behavioral activation” 
(Gordon and Melvin  2013 ). In this context, it is advised to monitor patients closely 
for emergent suicidality, hostility, agitation, and mania.  

   Neurological Side Effects 

 An increased risk of seizure has been reported with the use of clomipramine during 
premarketing evaluation. This risk was related to either the dose of clomipramine or 
the duration of the treatment or both. Seizures have also been associated with the 
use SSRIs in children and adolescents (Cheung et al.  2005 ). Therefore, caution is 
advised when clomipramine or SSRIs are prescribed to patients with a history of 
seizures or other factors that may predispose to seizures.  

   Metabolic and Endocrine Side Effects 

 Currently, there are no data on endocrine adverse effects and the use of tricyclic 
agents. However, concerns have risen about the endocrine side effects of SSRI 
exposure in children and adolescents although studies remain scarce. Preclinical 
studies found nonreversible testicular degeneration with histologic abnormalities in 
young rats exposed to high levels of SSRIs (Monteiro Filho et al.  2014 ; Schmidt et 
al.  1988 ). However, these studies were performed with very high exposures (20-fold 
higher than clinical pediatric exposure) in animals. No data exist on fertility of 
adults who had been treated in their childhood with antidepressants ( Prozac Product 
monograph ; Schmidt et al.  1988 ). 

 Growth delay has also been cited as a potential SSRI side effect. Four cases of 
children aged from 9 to 13 years treated with SSRIs for obsessive-compulsive dis-
order and Tourette syndrome had experienced growth delay with decreased growth 
hormone (GH) levels, without any other anomaly on the gonadotropic axis. Authors 
suggested that suppression of GH secretion may occur during therapy with SSRIs 
and emphasize the need for further larger studies (Weintrob et al.  2002 ). An effect 
on adult size has not been established. 

 In a retrospective cohort study including 11,970 children and adolescents under 
antidepressant therapy, the presence of obesity/weight gain, type 2 diabetes melli-
tus, and dyslipidemia was more common in those under SSRIs compared to a ran-
dom sample of 4,500 children nontreated with psychotropic medications (OR = 1.49; 
1.37; 1.44) (Jerrell  2010 ). 

 Effects of SSRIs on prolactin levels have been reported in animals and adult 
patients (Muench and Hamer  2010 ; Peterson  2001 ), but in children and adolescents, 
only one study has associated use of SSRIs and hyperprolactinemia in children and 
adolescents (Jerrell  2010 ). In this study, reproductive and/or sexual adverse events 
were not associated with the use of SSRIs. 
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 Thus, despite information included in the summary of product characteristics of 
SSRIs excluding the possibility of a pubertal delay, it is recommended to monitor 
growth and pubertal development (size, weight, Tanner level) during and after treat-
ment with an SSRI agent. If a growth or pubertal delay is observed, it is strongly 
advised to refer to a pediatric endocrinologist.  

   Serotonin Syndrome 

 Several case reports describe the occurrence of serotonin syndrome in children and 
adolescents treated with antidepressant agents. Serotonin syndrome is associated 
with hyperthermia, hypertension, headache, fl ushing, shaking, nausea, anxiety, agi-
tation, confusion, hallucination, or insomnia and is probably related to an excess of 
serotonin. Nevertheless, this adverse event seems to be extremely rare (Ghanizadeh 
 2013 ; Boyer and Shannon  2005 ).  

   Risk of Cardiac Arrhythmias with Fluoxetine 

 In 2013, the FDA issued a communication to notify patients and health-care pro-
viders about the potential risk of cardiac arrhythmias in patients using fl uoxetine. 
This was related to the reporting of post-marketing cases of QT interval prolon-
gation and ventricular arrhythmias. Therefore, the use of fl uoxetine is not recom-
mended in patients with underlying cardiovascular conditions, hypokalemia/
hypomagnesemia and those under medications that might predispose to prolon-
gation of the QT interval and occurrence of torsade de pointes. In addition, fl uox-
etine should be used cautiously in patients with recent myocardial infarction, 
uncompensated heart failure, congenital QT syndrome, drug overdose risk fac-
tors such as hepatic impairment, and those presenting a CYP2D6 poor metabo-
lizer status and/or concurrent use of CYP2D6 inhibitors or other highly bound 
drugs.  

   Other Side Effects 

 The TADS study was conducted by the National Institute of Mental Health (NIMH) 
to evaluate the effi cacy and safety of antidepressants in depressed children and ado-
lescents. Patients were randomized in four treatment groups: fl uoxetine, cognitive-
behavioral therapy, combination treatment (fl uoxetine and cognitive-behavioral 
therapy), and placebo for 12 weeks (Emslie et al.  2006 ). Sedation, insomnia, vomit-
ing, and upper abdominal pain were reported in less than 5 % of subjects treated 
with fl uoxetine, and headache was the most frequent side effect appearing in 11.9 % 
of the patients in this treatment group. Moreover, in a randomized controlled trial 
(RCT) evaluating the effi cacy and safety of sertraline in depressed children and 
adolescents, the most common side effects were fatigue, insomnia, restlessness, 
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headache, gastric distress, sore throat, and yawning (Melvin et al.  2006 ; Walkup et 
al.  2008 ). In both trials, the probability of treatment discontinuation due to adverse 
effects was relatively small (5–10 %) (Cheung et al.  2005 ) and declined over time 
(Emslie et al.  2006 ). 

 With regard to tricyclic agents, a Cochrane Collaboration meta-analysis found a 
higher incidence of vertigo (RR = 2.76 [1.73–4.43]), orthostatic hypotension 
(RR = 4.86 [1.69–13.97]), tremor (RR = 5.43 [1.64–17.98]), and dry mouth 
(RR = 3.35 [1.98–5.64]) in children and adolescents treated with TCAs compared to 
those treated with placebo (Hazell and Mirzaie  2013 ).    

13.2.3    Antipsychotics 

13.2.3.1    Use of Antipsychotics in Children and Adolescents 

 Antipsychotic medications are clearly effective in treating several psychiatric con-
ditions in children and adolescents. However, as in adults, prescription of antipsy-
chotics involves a diffi cult balance between the need to relieve mental disease 
symptoms and the risk of drug-induced toxicity (Masi and Liboni  2011 ). 

 Antipsychotics are classifi ed according to the timeline of their development, 
their pharmacology, and their safety profi les. First-generation or “typical” antipsy-
chotics (FGAs) act therapeutically by antagonizing dopamine D2 receptors. Their 
safety profi le, in particular neurological toxicity, depends primarily on their relative 
potency in binding to dopamine D2 receptors. Second-generation or “atypical” anti-
psychotics (SGAs), launched in the 1990s, bind to other neuroreceptors than only 
dopamine D2, and a newer antipsychotic, aripiprazole, has been developed which is 
a partial agonist of dopamine D2 and serotonin 5-HT5 receptors. “Atypical” anti-
psychotics have been initially perceived as more effective and safer than “typical” 
antipsychotics. 

 Hence, over the past three decades, SGAs have dominated prescribing prefer-
ences worldwide (Gardner et al.  2005 ; Muench and Hamer  2010 ; Verdoux et al. 
 2010 ). Indeed, the increase in antipsychotics’ use that has been consistently 
reported in children and adolescents over the years is mainly attributed to an 
increment in the prescription of SGAs (Cooper et al.  2006 ; Kalverdijk et al.  2008 ; 
Olfson et al.  2006 ; Rani et al.  2008 ; Ronsley et al.  2013 ). Still, a wide variability 
across countries has been observed with atypical antipsychotic subclass repre-
senting 66 % of antipsychotic use in youth in the USA and 48 % in the Netherlands 
but only 5 % in Germany (data from year 2000) (Zito et al.  2008 ). The duration of 
treatment with these agents has also been increasing (Kalverdijk et al.  2008 ; Rani 
et al.  2008 ). 

 Currently, several FGAs and SGAs have a marketing authorization for use in the 
pediatric population with certain differences between the USA and Europe 
(Table  13.1 ). However, the use of antipsychotics in children and adolescents is 
 principally “off label,” that is for indications that are not approved by regulatory 
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authorities or used in children who are younger than the approved age ranges. “Off-
label” indications include mainly attention defi cit hyperactivity disorder (ADHD), 
conduct and behavioral disturbances (aggression, self-injury, disruptive behavior, 
etc.), and mood disorders (Penfold et al.  2013 ; Baribeau and Anagnostou  2014  ).  

   Table 13.1    Approved indications of commonly used antipsychotics for pediatric patients 
according to regulatory agency   

 Antipsychotic drug  Indication 

 FDA 
approval 

patient age 
(years) 

 EMA 
approval 

patient age 
(years) 

 FGAs  Haloperidol a   Schizophrenia  –  ≥3 b  
 Behavioral disorders (hyperactivity, 
aggression) 

 –  ≥3 b  

 Gilles de la Tourette syndrome  –  ≥3 b  
 Chlorpromazine  Childhood schizophrenia  1–12  ≥1 b  

 Bipolar disorder (mania)  1–12  – 
 Autism  –  ≥1 b  

 SGAs  Clozapine  Schizophrenia in patients 
unresponsive or intolerant to other 
antipsychotics 

 –  >16 

 Risperidone  Schizophrenia  13–17  ≥15 
 Bipolar I disorder  10–17  ≥13 
 Irritability associated with autistic 
disorder 

 5–16  – 

 Persistent aggression in conduct 
disorder c  

 –  ≥5 

 Olanzapine  Schizophrenia  13–17  – 
 Bipolar I disorder  13–17  – 

 Quetiapine  Schizophrenia  13–17  – 
 Bipolar I disorder  10–17  – 

 Aripiprazole  Schizophrenia  13–17  ≥15 
 Bipolar I disorder d   10–17  ≥13 
 Irritability associated with autistic 
disorder 

 6–17  – 

  Dashes mean that the product has no pediatric approval in the specifi c indication. Ziprasidone has 
no approval for pediatric use in the USA or the EU 
  a Haloperidol solution for injection is the only form available in the USA, but in European coun-
tries, both injectable (5 mg/ml) and oral (2 mg/ml) solutions are marketed. Only oral haloperidol 
is indicated in children. 
  b Approved age ranges provided for haloperidol and chlorpromazine are based on current UK mar-
keting authorizations. There are no centralized EMA authorizations for these molecules in chil-
dren. 
  c Short-term symptomatic treatment (up to 6 weeks) of persistent aggression in conduct disorder in 
children from the age of 5 years and adolescents with subaverage intellectual functioning or mental 
retardation diagnosed according to DSM-IV criteria, in whom the severity of aggressive or other 
disruptive behaviors requires pharmacological treatment 
  d As monotherapy or as an adjunct to lithium or valproate  
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13.2.3.2    Safety of Antipsychotics in Children and Adolescents 

 Because of the paucity of comparative studies in children, there is currently little 
evidence to support the superiority of SGAs over FGAs or a difference between 
SGAs for the treatment of children and adolescents with psychosis or behavioral 
disorders (Kennedy et al.  2007 ; Kumra et al.  2008 ; Sikich  2008 ; Sikich et al.  2008 ; 
Loy et al.  2012 ; Kumar et al.  2013 ). Conversely, the safety profi le of antipsychotics 
differs substantially. Atypical antipsychotics are associated with a lower risk of neu-
rological adverse reactions than fi rst-generation drugs, but they are clearly associ-
ated with a higher risk of weight gain and metabolic abnormalities in both adults 
and children (Caccia  2013 ; Maher et al.  2011 ; Seida et al.  2012 ). Nevertheless and 
despite initial expectations, observed variability appears to be greater among spe-
cifi c agents than between the fi rst- and second-generation antipsychotic classes 
(Masi and Liboni  2011 ; Muench and Hamer  2010 ; Vitiello et al.  2009 ; Fraguas et al. 
 2011 ). 

 Current knowledge on the most prevalent adverse reactions to antipsychotics in 
children and adolescents is provided in the following sections. Since the use of typi-
cal antipsychotics is actually limited in children and adolescents, safety issues are 
exposed mainly with regard to second-generation compounds. The strength of asso-
ciation between a given agent and a specifi c adverse event is given as compared to 
placebo since very few head-to-head comparisons of antipsychotics have been con-
ducted in children and adolescents. Occurrence of neuroleptic malignant syndrome, 
a rare but potentially life-threatening adverse reaction, is not detailed in this section 
( see  Chap.   10    ). 

   Neurological Toxicity 

 Sedation and somnolence are common with all antipsychotic medications, and they 
are usually dose dependent. Rates tend to be higher with FGAs, clozapine, ziprasi-
done, olanzapine, and risperidone and lower with aripiprazole and quetiapine 
(Cohen et al.  2012 ). 

 Another major neurological adverse reaction is the occurrence of extrapyramidal 
symptoms (EPS) which comprises drug-induced parkinsonism, akathisia, acute 
dystonia, and tardive dyskinesia. Children and adolescents appear to be more sensi-
tive to EPS than adults especially when they present mental retardation or CNS 
damage or are drug-naïve patients. EPS are more common with typical antipsychot-
ics like haloperidol, but newer antipsychotics are not totally free of such reactions. 
Treatment with risperidone, olanzapine, and aripiprazole are related to an elevated 
risk of EPS, especially at high doses. In fact, the incidence of EPS in schizophrenic 
patients treated with aripiprazole monotherapy compared to placebo treatment is 
much higher in pediatric patients compared to adults (Correll  2008 ). The risk of 
EPS appears to be low with clozapine and quetiapine. Data on ziprasidone are too 
scarce to draw reliable conclusions. The majority of extrapyramidal symptoms are 
reversible after discontinuation of the offending agent with the exceptions of tardive 
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dystonia and tardive dyskinesia that may be diffi cult to treat and ultimately become 
permanent in some patients. Moreover, EPS often generate major psychological 
distress and poor compliance with therapy. 

 The majority of antipsychotics can lower the seizure threshold and should be 
used with caution in patients who have a history of seizures and in those with 
organic brain disorders. Convulsions are more common under treatment by certain 
FGAs and clozapine, especially at high doses (Masi and Liboni  2011 ). 

 Finally, for aripiprazole, a safety warning was issued on the potential risk of 
increased suicidal ideation and suicide in children, adolescents, and young adults 
with major depressive disorder. The possibility of a suicide attempt is inherent in 
psychotic illness, and close supervision of high-risk patients should accompany 
drug therapy. Nevertheless, no suicides occurred in any of the pediatric trials.  

   Metabolic Disorders 

 All antipsychotics may be associated with weight gain and an increase of body 
mass index (BMI) though such effects are probably the most signifi cant adverse 
reactions of atypical agents (Muench and Hamer  2010 ). Excessive weight gain 
should not be disregarded in treated children and adolescents because it may con-
tribute to signifi cant morbidity and mortality in adulthood. Being overweight is a 
major determinant of a general metabolic disorder, the metabolic syndrome (obe-
sity, hypertriglyceridemia, low high-density lipoprotein cholesterol levels, hyper-
tension, and hyperglycemia) associated with atherosclerosis, coronary artery 
disease, and colorectal cancer in adults (Correll et al.  2006 ). Also, in long-term use, 
weight gain has been associated with liver enzyme abnormalities and fatty infi ltra-
tion (Masi and Liboni  2011 ). In addition, it contributes to poor medication adher-
ence, social withdrawal, and low self-esteem which may be sources of signifi cant 
psychological morbidity. Mean weight gain during therapy appears to be important 
with olanzapine, clozapine, and risperidone; moderate with quetiapine; and low 
with aripiprazole and ziprasidone. Despite great interindividual variability in 
weight gain, possibly related to genetic predisposition, dietary recommendations 
and counseling (lifestyle, exercise) should be provided at the initiation of antipsy-
chotic therapy for all patients. Treatment with metformin to stabilize weight has 
been proposed, but data are limited in children and adolescents (Klein et al.  2006 ; 
Shin et al.  2009 ). 

 Increase in the blood levels of glucose, triglycerides, and cholesterol may also be 
attributable to antipsychotic agents. Glycemic abnormalities may vary from hyper-
glycemia due to mild insulin resistance to new-onset diabetes and worsening of 
glycemic control in patients with preexisting diabetes mellitus (Pringsheim et al. 
 2011a ). Incidence is not well established in children and adolescents under treat-
ment, but the risk appears to be high with olanzapine and risperidone, moderate with 
quetiapine and aripiprazole, and low with ziprasidone and the fi rst-generation agent 
haloperidol. Moreover, treatment with olanzapine, clozapine, and quetiapine has 
been associated with increased blood levels of triglycerides and cholesterol, whereas 
the risk is moderate with aripiprazole and low with risperidone, ziprasidone, and 
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haloperidol. Adolescents treated with olanzapine have an increased potential for 
weight gain and hyperlipidemia compared to adult patients. Similar to weight gain, 
drug-induced metabolic changes may persist over time and become clinically mean-
ingful only after prolonged use of antipsychotic medication. In the absence of long-
term follow-up studies, cardiometabolic adverse effects are probably underestimated 
in children and adolescents.  

   Endocrine Disorders 

 Hyperprolactinemia is a direct consequence of the antagonism of dopamine D2 
receptors by both fi rst- and second-generation antipsychotic agents. In most cases, 
hyperprolactinemia is dose dependent, tends to normalize with time, and completely 
resolves after cessation of antipsychotic treatment. Clinical signs of hyperprolac-
tinemia include amenorrhea and other menstrual cycle disorders, galactorrhea, hir-
sutism, and sexual disturbances (decreased libido, erectile diffi culties, etc.). 
Nevertheless, hyperprolactinemia may persist throughout treatment and remain 
totally asymptomatic or cause clinical signs that are diffi cult to express for a child 
or an adolescent (e.g., sexual dysfunction). Additional long-term consequences of 
prolonged hyperprolactinemia and subsequent hypogonadism include pubertal 
delay, growth arrest, and osteoporosis (Masi and Liboni  2011 ; Vitiello et al.  2009 ). 
Risperidone and olanzapine tend to favor meaningful increase in prolactin secre-
tion, whereas the effect of quetiapine and ziprasidone is moderate and aripiprazole 
may even lower levels of prolactin.  

   Hematological Toxicity 

 Antipsychotic agents may cause neutropenia mainly in patients presenting low 
baseline blood counts or using cytotoxic concomitant therapy. However, a risk of 
life-threatening agranulocytosis has been reported in patients treated with clozap-
ine. Neutrophil blood counts generally normalize after discontinuation of clozapine 
(Masi and Liboni  2011 ).  

   Cardiovascular Toxicity 

 Orthostatic hypotension and tachycardia have been described with the use of anti-
psychotic medications. These effects are less common in children and adolescents 
than in elderly patients and in most cases are clinically irrelevant (Masi and Liboni 
 2011 ). Cardiovascular effects are more frequent with certain FGAs, such as chlor-
promazine and clozapine, though they have also been observed with the use of que-
tiapine and risperidone especially with rapid uptitration of dose. In fact, quetiapine 
has been associated with hypertension in children, whereas this event was never 
observed in treated adults. Moreover, myocarditis occurring at the beginning of 
treatment has been reported with clozapine (Ronaldson et al.  2010 ). 
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 A potentially serious adverse event related with antipsychotics’ use is prolon-
gation of ventricular repolarization that may lead to ventricular arrhythmia (e.g., 
torsades de pointes) and ultimately to sudden cardiac death (SCD). The incidence 
of SCD in adults treated with antipsychotics is twice that of the general popula-
tion (Muench and Hamer  2010 ). In children, only one such case has been described 
in a child treated with ziprasidone. However, subclinical QTc prolongation has 
been reported in children under ziprasidone (Caccia  2013 ; Correll  2008 ). 
Subsequently, cautious use of all agents is recommended in children especially 
those with existing cardiac disease or family history of QT prolongation (Germanò 
et al.  2014 ). 

 Overall, children and adolescents tend to be more sensitive to the toxicity of 
antipsychotics than adult patients, especially when polypharmacotherapy is used. 
They experience more frequently weight gain, metabolic abnormalities (hypergly-
cemia, dyslipidemia), hyperprolactinemia, and neurological adverse reactions 
(sedation/somnolence, extrapyramidal symptoms, seizures). Conversely, they 
appear to be less susceptible to cardiovascular adverse reactions. 

 To date, safety data derive almost exclusively from cohort studies and meta-
analyses of randomized controlled trials (Caccia  2013 ; Cohen et al.  2012 ; Pringsheim 
et al.  2011a ). Yet, these studies were limited in follow-up time and sample size and 
therefore cannot provide reliable conclusions especially with regard to insulin/gly-
cemic control, metabolic disorders, and occurrence of rare and distant adverse 
events. Moreover, the impact of antipsychotic medications on the physical, mental, 
and neurological development of children and adolescents, a safety issue specifi c to 
this population, has not been evaluated yet. In recent years, several networks have 
been created to routinely assess the effi cacy and safety of antipsychotics in children: 
The Canadian Alliance for Monitoring Effectiveness and Safety of Antipsychotics 
in Children (CAMESA) in Canada (  http://camesaguideline.org/    ), the Pediatric 
Atypical Antipsychotic monitoring Safety (PAMS) Study in the UK (Rani et al. 
 2009 ), and the SafEty of NeurolepTics in Infancy and Adolescence (SENTIA) in 
Spain (  http://SENTIA.es    ). Analyses of large population health databases and patient 
registries through collaborative projects are actually required to clarify antipsychot-
ics’ safety profi le and to defi ne their distal risk-benefi t ratio in children and adoles-
cents (Rani et al.  2011 ).   

13.2.3.3     Safety Monitoring of Children and Adolescents Treated with 
Antipsychotics 

 Antipsychotic medications present highly variable safety profi les. This may compli-
cate prescribing and patient management; however it offers many therapeutic alter-
natives and, thus, the possibility to match patients with the most appropriate 
medication. Given the length of use of antipsychotics and the impact of patients’ 
family history or lifestyle on the choice of the antipsychotic agent, thorough evalu-
ation of risks for each distinct patient seems appropriate. 
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 Currently, clozapine and olanzapine are not considered to be fi rst-line antipsy-
chotic treatments in children and adolescents because of their unfavorable safety 
profi le. In particular, clozapine is reserved to patients who are resistant to other 
agents. Risperidone is actually the most commonly prescribed (Patten et al.  2012 ) 
and one of the most extensively evaluated antipsychotic agent in the pediatric popu-
lation (Pringsheim et al.  2011a ). Nevertheless, its safety profi le is far from ideal as 
risperidone is frequently associated with rapid weight gain, metabolic abnormali-
ties, signifi cant somnolence and sedation, and the occurrence of extrapyramidal 
neurological symptoms. More recently developed agents such as aripiprazole, que-
tiapine, and ziprasidone offer interesting alternatives; however their effi cacy and 
safety need to be further evaluated in children and adolescents. 

 Regardless of the drug used, children and adolescents that receive antipsychotic 
drugs should be proactively monitored for side effects. Physical examination 
(weight, height, BMI, waist circumference, blood pressure, and neurological exami-
nation for EPS) and certain standard laboratory tests (fasting plasma glucose, total 
cholesterol, LDL and HDL cholesterol, triglycerides, aspartate and alanine amino-
transferase, prolactin) should be systematically performed at least in the fi rst month 
after treatment initiation. More specifi c laboratory tests should be carried out 
according to the specifi c risk of treating agents: insulin levels in olanzapine treat-
ment, thyroid-stimulating hormone (TSH) in quetiapine treatment, and neutrophil 
counts in clozapine treatment. Guidance on the electrocardiogram monitoring of 
treated patients has also been developed (Blair et al.  2004 ). 

 Evidence-based recommendations for monitoring of children and adolescents 
under atypical antipsychotics have been developed by the CAMESA guideline 
group in Canada. These recommendations are extremely useful in practice; however 
they refl ect the paucity of evidence-based knowledge in the area and the need for 
further targeted research. In addition, they are limited to the fi rst year of treatment 
because of the absence of long-term prospective studies. Safety of antipsychotics is 
a major focus especially in the young; however monitoring rates are still very low 
and studies of pharmacologic and behavioral interventions are extremely limited 
(Maayan and Correll  2011 ).   

13.2.4    Other Psychotropic Medications 

 Anxiolytics and sedatives have no marketing authorization for use in child and ado-
lescent psychiatry except for certain drugs (e.g., diazepam, hydroxyzine) in certain 
countries and under exceptional clinical conditions. Specifi c safety data on children 
and adolescents are extremely limited, although the use in children can be very 
prevalent in some countries (Murray et al.  2004 ; Pringsheim et al.  2011b ; Zito et al. 
 2008 ). 

 Mood regulators such as lithium and anticonvulsants, carbamazepine and val-
proic acid, are also used beyond their marketing authorizations in pediatric psy-
chiatric indications. The safety of lithium in children and adolescents with bipolar 
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I disorder has been evaluated in clinical trials of limited sample size (Geller et al. 
 2012 ), and adverse events are similar to those observed in adult patients (e.g., 
thyroid dysfunction). Toxicity of anticonvulsants used mainly for neurological 
indications has been extensively evaluated and is beyond the scope of this 
chapter.   

13.3    Conclusion 

 The majority of psychotropic drugs provide only symptomatic management of 
clinical symptoms in lifelong psychiatric disorders. Children and adolescents 
are therefore exposed to these agents in a chronic manner or at least for a pro-
longed period of time. In fact, drug utilization studies have demonstrated not 
only that the incidence of the use of certain psychotropic drugs such as antipsy-
chotics is increasing in children and adolescents but also that the duration of the 
therapy (Patten et al.  2012 ). In addition, young children are more likely to be 
receiving multiple psychotropic medications to control psychiatric comorbidi-
ties and improve social functioning. Currently, 60–70 % of pharmacological 
prescriptions in pediatric psychiatry are considered “off label” because they 
concern age ranges, doses, and indications that are not approved by regulatory 
authorities. For example, antipsychotic use in children and adolescents targets 
mainly nonpsychotic disorders. All these trends in psychotropic prescribing 
have signifi cant implications for drug safety and patient monitoring during treat-
ment (Steinhausen  2014 ). Furthermore, there is a signifi cant rise of prescriptions 
of psychotropic drugs by family physicians and pediatricians (Ronsley et al. 
 2013 ; Meng et al.  2014 ) that may lack professional experience and resources to 
monitor children for potential side effects. Physicians who do not have suffi cient 
knowledge and resources to carefully follow patients and assess drug safety 
should refrain from prescribing these medications and refer the patient to a 
specialist. 

 The substantial increase of psychotropic use in children and adolescents has not 
been accompanied by a similar increase in research-based evidence about the effi -
cacy and safety of these medications. This increase in psychotropic drug use calls 
for long-term effi cacy and, most importantly, safety studies in large samples in 
order to account for the dynamic processes of growth and brain development in the 
young patients. Further research should also attempt to elucidate the physiopatho-
logical mechanisms of psychotropic-induced toxicity and the potential value of per-
sonalized approaches based on genetics and neurobiology. Additional safety data 
are urgently needed to clarify the risk-benefi t ratio of psychotropic medications in 
children and adolescents and to adequately guide medical decision-making. In the 
meantime, psychotropic prescribing in children and adolescents should involve a 
cautious balance between patients’ therapeutic needs and a proactive monitoring of 
clinical effi cacy and drug-induced toxicity.     
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    Chapter 14   
 Safety of Psychotropic Drugs in the Elderly                     
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    Abstract     The past decades have witnessed an unprecedented phenomenon of 
global aging with a dramatic rise in the number of individuals above the age of 
65 years. Drug therapy is the primary approach to managing chronic disease in 
older adults. It comes as no surprise that increases in drug therapy have accompa-
nied the rise in the older adult population with chronic conditions. The safety 
profi le of drugs in older adults may differ substantially from that in younger indi-
viduals. Older adults, especially more frail individuals, may have signifi cantly 
altered  pharmacokinetics such as decreased renal function and pharmacodynamics 
which increase the likelihood of adverse drug effects. Inappropriate drug selection 
can lead to complications in drug therapy. Complications in drug therapy may 
appear as adverse drug events. In this chapter, we review particular safety con-
cerns with major psychiatric medications used in older adults. We specifi cally 
focus on antipsychotics, antidepressants, benzodiazepines, and anti-dementia 
agents.  
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14.1         Introduction 

 In many countries, the age distribution has slowly changed. In the United States, 
13 % of the population is now aged ≥65 years (Census Bureau  2010 ). This propor-
tion will be 20 % by 2030, and 5 % will be aged 80 years of age or older (OECD 
 2009 ). Growth will occur in all racial and ethnic groups (Federal Interagency Forum 
on Aging-Related Statistics  2004 ). This will pose challenges as the per capita 
health-care expenditure is fi ve times higher for those at least 65 years of age com-
pared those younger than 65 years (Lubitz et al.  2001 ). With increased longevity 
comes a greater prevalence of multiple chronic diseases including psychiatric con-
ditions (Anderson  2007 ). 

 Drug therapy is the primary approach to managing chronic disease in older 
adults. It comes as no surprise that increases in drug therapy have accompanied the 
rise in the older adult population with chronic conditions. Over 85 % of adults at 
least 65 years of age regularly use prescription drugs (Ihara et al.  2002 ), and 55 % 
of older adults take three or more drugs on a regular basis (Kaiser Public Opinion 
Update  2000 ). Older adults consume 31 % of all prescribed drugs (Baum et al. 
 1987 ), the average number being between 2 and 6 (Stewart and Cooper  1994 ). 
Polypharmacy may be the new paradigm for quality drug therapy. However, the 
number of drugs per se is not the primary factor for quality, as appropriateness for 
the specifi c individual, life expectancy, burden of concomitant conditions, and per-
sonal preferences is most important. 

 The safety profi le of drugs in older adults may differ substantially from that in 
younger individuals. Older adults, especially more frail individuals, may have sig-
nifi cantly altered pharmacokinetics such as decreased renal function and pharmaco-
dynamics which increase the likelihood of adverse drug effects (Sera and McPherson 
 2012 ). Inappropriate drug selection (Stuck et al.  1994 ) can lead to complications in 
drug therapy. Complications in drug therapy may appear as an adverse drug event. 
The incidence of adverse drug events has been estimated to be 27.4 % in community- 
dwelling older adults (Gandhi et al.  2003 ). The economic costs of preventable 
adverse drug events are staggering (Field et al.  2005 ). Gurwitz et al. demonstrated 
an incidence of adverse drug events of 50.1 per 1,000 person years among a popula-
tion of elderly Medicare benefi ciaries visiting an outpatient physician practice 
(Gurwitz et al.  2003 ). Older adults are two to three times more likely to experience 
an adverse drug event than patients 20–30 years old. Medication-related problems 
occur in 1.5–44 % of inpatients and over 30 % of outpatients (Monette et al.  1995 ). 
Pharmacologic management is the top condition in need of quality of care improve-
ment initiatives in vulnerable older adults (Sloss et al.  2000 ). The Institute of 
Medicine (IOM) “To Err is Human” report reinforces the need for improving drug 
therapy in a population taking multiple medications and having comorbidities 
(Institute of Medicine  2000 ). 

 In this chapter, we review particular safety concerns of major psychiatric medi-
cations used in older adults. We specifi cally focus on antipsychotics, antidepres-
sants, benzodiazepines, and anti-dementia agents. 
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 In older adults, increases in the use of antidepressants have been observed 
(Newman and Schopfl ocher  2008 ; Crystal et al.  2003 ). Benzodiazepines have either 
remained stable or declined but are still commonly prescribed to older adults. 
Although decreases in antipsychotic use in older adults have been noted (Gallini 
et al.  2014 ), antipsychotic use among older adults is common.  

14.2     Antipsychotics 

 The off-label use of conventional and atypical antipsychotics to treat the behavioral 
and psychological symptoms in dementia remains common despite their limited 
effi cacy. Despite their perceived better safety, some atypical antipsychotics may still 
possess anticholinergic and hypotensive effects, as well as extrapyramidal effects 
including tardive dyskinesias, although at a lower rate than conventional 
antipsychotics. 

 In April 2005, the US Food and Drug Administration (FDA) issued a public 
health advisory that the use of atypical antipsychotics such as risperidone, olanzap-
ine, quetiapine, and aripiprazole to treat older adults with dementia was associated 
with an increased risk for death compared with placebo. In a pooled analysis of 
trials involving atypical antipsychotics, the mortality rate was 60–70 % higher than 
with placebo in 15 of the 17 trials. Evidence providing support for these warnings 
has also raised further safety concerns about conventional antipsychotics (Scneider 
et al.  2005 ; Wang et al.  2005 ; Kryzhanovskaya et al.  2006 ). In June 2008, the FDA 
stated that the conventional antipsychotics share a similar or even higher risk of 
increased mortality with the atypical antipsychotics. The FDA concluded that anti-
psychotics should not be used for the treatment of dementia-related psychosis. 
Despite these warnings, a recent review suggested that antipsychotics should be 
“used with caution only when non-pharmacologic approaches have failed to ade-
quately control behavioral and psychological symptoms in dementia” (Trifi rò et al. 
 2009 ). 

 Antipsychotics appear to confer a greater mortality risk in older adults than any 
other psychotropic medication. A retrospective case-control study of 90,786 demen-
tia patients within the Veterans Health Administration from 1998 to 2009 found that 
newly prescribed antipsychotic users had an increased mortality risk when com-
pared to both matched nonusers and antidepressant users (Maust et al.  2015 ). This 
risk ranged from 2.0 % for those receiving quetiapine to 3.8 % for those receiving 
haloperidol when comparing antipsychotic users to nonusers. When comparing 
antipsychotic users to antidepressant users, the mortality risk ranged from 3.2 % for 
those receiving quetiapine to 12.3 % for those receiving haloperidol. Additionally, 
a dose-response increase in mortality risk was observed for atypical antipsychotics 
(olanzapine, quetiapine, and risperidone). 

 The potential causes of death associated with antipsychotic use merit consider-
ation of the potential for drug-drug and drug-disease interactions. Several plausible 
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mechanisms can be proposed, including cerebrovascular events, arrhythmias and 
sudden cardiac death, venous thromboembolism and pulmonary embolism, and 
aspiration pneumonia. Metabolic effects of antipsychotics may be a longer-term 
safety concern. Antipsychotics may contribute to events that are not initially recog-
nized as the fi rst step in a sequence that promotes premature death, such as falls 
leading to hip fractures. Apart from mortality, other serious safety issues have been 
raised regarding the use of antipsychotics including cerebrovascular events, cardiac 
events, peripheral vascular disease, metabolic disease, infections, and falls/frac-
tures. Hip fracture, stroke, myocardial infarction, and ventricular arrhythmias par-
tially explain the mortality difference between fi rst- and second-generation 
antipsychotics (Jackson et al.  2014 ). 

 A pooled analysis documented a threefold increased risk of stroke and tran-
sient ischemic attacks for risperidone and olanzapine compared with placebo 
(De Deyn et al.  2005 ). Following the warning on stroke and antipsychotic use, 
observational studies compared the risk of stroke between atypical and conven-
tional antipsychotics, most in the general elderly population and in patients with 
dementia. The studies suggest no increased risk of stroke with atypical com-
pared to conventional antipsychotics but could not explore the dose and duration 
effect and risks of individual compounds or rule out confounding by indication 
because of the strong interrelationship between ischemia, dementia, and subse-
quent strokes. Stroke may be related to the fi rst weeks of treatment (Sacchetti 
et al.  2010 ). 

 With respect to cardiac events, since the 1960s, sudden cardiac death has been 
reported with conventional antipsychotic use (Straus et al.  2004 ) because of their 
ability to prolong the QTc interval which may result in torsade de pointes and other 
ventricular arrhythmias (Reilly et al.  2000 ). Observational studies have confi rmed 
the signals from spontaneous reports, and suggested conventional antipsychotics are 
associated with an increased risk of sudden cardiac death. A recent systematic 
review of the association between antipsychotics and myocardial infarction was 
inconclusive owing to the heterogeneity of the studies, but the largest study revealed 
no association (Brauer et al.  2011 ). 

 A relationship between antipsychotics and venous thromboembolism (VTE) 
was fi rst suggested fi ve decades ago. Reviews of the available data for aripiprazole, 
 clozapine, and olanzapine have led to warnings about VTE being added to their 
Summaries of Product Characteristics (MPA Report  2009 ). The studies on VTE 
and antipsychotics mostly focus on schizophrenia or young patients and have 
methodological issues such as small sample sizes and inadequate control of con-
founding. Inconsistencies in fi ndings have been noted, but an increased risk of 
VTE is likely (Zhang et al.  2011 ). Little data are available on the peripheral vascu-
lar effects of antipsychotics in dementia, which is highly relevant given the large 
potential for interacting comedication on serotonin receptors and platelet 
function. 

 In patients with either schizophrenia or bipolar disorder, atypical antipsychotics 
such as olanzapine, quetiapine, and clozapine are associated with metabolic abnor-
malities including weight gain, lipid disturbances, and altered glucose homeostasis, 
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known risk factors for cardiovascular events (Newcomer  2005 ). Whether older 
adults with behavioral and psychological symptoms in dementia receiving antipsy-
chotics develop similar disturbances is controversial as food intake is reduced in 
these patients. Only a few small studies have been published so far on this associa-
tion. A study of 36 residents showed treatment with low-dose atypical antipsychot-
ics did not lead to weight gain or increased risk of developing type 2 diabetes or 
lipid metabolism abnormalities (Rondanelli et al.  2006 ). In contrast, CATIE-AD 
reported weight gain but no effect on glucose, total cholesterol, or triglyceride levels 
during the use of olanzapine, quetiapine, and risperidone, and the risk increased 
over time. Post-hoc analyses of other studies with olanzapine and risperidone were 
consistent with the CATIE-AD results. A recently published Canadian study found 
that among older patients with diabetes, the initiation of treatment with antipsy-
chotic drugs was associated with an increased risk of hospitalization for hypergly-
cemia (Lipscombe et al.  2009 ). The risk was high during the initial course of 
treatment and was increased with the use of all antipsychotic agents. Among nurs-
ing home residents with dementia, conventional antipsychotics particularly short- 
term therapy, but not atypical antipsychotic use, increased risk of diabetes onset 
(Jalbert et al.  2011 ). 

 Infections, primarily pneumonia, have been listed as one of the most prevalent 
causes of death among demented older adults using antipsychotics both in clinical 
trials and observational studies. Although one study reported a threefold increased 
risk with atypical antipsychotics and a 1.6-fold increase with conventional antipsy-
chotics compared with nonuse (Knol et al.  2008 ), others found a slightly higher 
rate of fatal pneumonia during conventional antipsychotic use relative to atypical 
antipsychotic use. The overall risk of antipsychotic use was not increased com-
pared to nonuse in a cohort of elderly persons (Setoguchi et al.  2008 ). Trifi rò 
showed that the use of either atypical or typical antipsychotics in older patients is 
associated in a dose-dependent fashion with the development of community-
acquired pneumonia (Trifi rò et al.  2010 ). More work is needed to understand this 
effect (Trifi rò  2011 ). 

 Information regarding adverse effects of antipsychotic treatment in older adults 
with schizophrenia is scant. While older adults with schizophrenia are thought to 
have a greater sensitivity to treatment-related adverse effects (Masand  2000 ), the 
overall incidence of adverse events was low (Lasser et al.  2004 ).  

14.3     Antidepressants 

 In general, antidepressants are equally effective in the treatment of depression 
(Mottram et al.  2006 ). The major categories of antidepressants and individual drugs 
differ in their side effect and drug interaction profi les. Although for younger patients 
evidence exists that suggests the use of antidepressants may increase the risk of 
suicidality and suicidal ideation, among older adults with depression, the risk is 
reduced. Selective serotonin reuptake inhibitors (SSRIs) are the most commonly 
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prescribed antidepressant class including in frail older adults. Their widespread use 
has been based primarily on their lack of traditional tricyclic antidepressant (TCA) 
side effects, although SSRIs commonly produce adverse gastrointestinal and sexual 
symptoms and less frequently central nervous system effects including insomnia, 
anxiety, and tremors (Grimsley and Jann  1992 ). 

 Both tertiary and secondary amine TCAs have been used in older adults for 
many years. TCA side effects commonly include dry mouth, blurred vision, urinary 
retention, and constipation due to their anticholinergic and antihistaminic activity. 
Amoxapine has been associated with a higher risk of extrapyramidal side effects 
including akathisia and tardive dyskinesia due to its metabolism to loxapine, a 
neuroleptic, and maprotiline with seizures (Rosenstein  1993 ). Frail older adults 
remain at the greatest risk of anticholinergic effects, cardiovascular effects, and 
effects on appetite. The anticholinergic effects of older TCAs have included the 
loss of accommodation with blurring of vision, dry mouth, constipation, urinary 
retention, tachycardia, confusion, and delirium (Cole and Bodkin  1990 ). These 
effects range from what might be considered minor in nature (i.e., blurring of 
vision and dry mouth), to moderate (i.e., urinary retention), to potentially very seri-
ous reactions (i.e., delirium). Anticholinergic side effects minor in nature might 
potentially have important effects on the older adult’s quality of life. As an exam-
ple, while tolerance to some anticholinergic effects is known to occur, the loss of 
accommodation generally does not improve over time and would limit the indi-
vidual’s ability to perform the simple pleasurable act of reading a book. The pres-
ence of concomitant diseases such as prostatic hypertrophy or diabetes mellitus, for 
example, in older adults may increase the risk that clinically important urinary 
retention will occur resulting in detrimental effects on the individual’s continence 
and overall functional status. Most importantly, confusion and delirium may 
develop from the use of strongly anticholinergic drugs such as amitriptyline in 
individuals with preexisting cognitive impairment. Potentially, the resulting prob-
lems with memory, concentration, and behavioral disturbances may be overlooked 
as part of the patient’s primary illness or  inappropriately treated with a neuroleptic 
such as haloperidol or with physical restraints. Trazodone has sedating properties 
(Nierenberg  1994 ). 

 Cardiovascular side effects of TCAs must also be considered. Orthostatic 
hypotension and cardiac conduction defects are the most common TCA cardio-
vascular side effects. Orthostatic hypotension is due to the blockade of alpha-1 
adrenergic receptors. When orthostatic hypotension is symptomatic and results in 
syncope, older adults are at increased risk of falls and fractures. Although symp-
tomatic  orthostatic hypotension can be minimized by the use of small doses of 
secondary amines and adequate ambulation and hydration, the risk of this side 
effect remains. TCAs may induce heart block in individuals with preexisting con-
duction delays. 

 TCAs may increase appetite and weight, potentially due to their effects on hista-
minergic systems. Although viewed as a negative outcome in younger populations, 
weight gain may have benefi cial effects in older adults if their nutritional status is 
poor or marginal due to decreased appetite. 
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 SSRIs other than paroxetine generally lack the anticholinergic properties associ-
ated with TCAs. With respect to effects on appetite and weight, SSRIs have been 
associated with either no change or a decrease in weight at least in the short term 
(Kinney-Parker  1988 ). The effects of SSRIs on the cardiovascular system are con-
troversial with citalopram associated with QT prolongation. In one clinical trial for 
treating agitation in patients with probable Alzheimer’s disease, citalopram titrated 
from 10 to 30 mg daily was associated with signifi cant improvements in agitation 
but also with an increase in QTc interval when compared to placebo (Porsteinsson 
et al.  2014 ). Worsened cognition was also seen in this trial. Current recommenda-
tions are to limit the dosage of citalopram to no more than 20 mg daily in people 
over 60 years of age. In older adults, multiple risk factors for torsade de pointes are 
frequently present including hypokalemia, hypomagnesemia, and bradyarrhyth-
mias. SSRIs have been associated with an increased risk of bleeding episodes espe-
cially among older adults. Concomitant use of antiplatelet or anticoagulant drugs 
for atrial fi brillation or myocardial infarction in older adults likely increases the 
underlying risk (Jiang et al.  2015 ). Although hyponatremia has been reported to 
occur in an estimated 10 % of older adults treated with antidepressants (Mannesse 
 2013 ), the risk may be greater than SSRIs even considering their widespread usage. 
In addition, serotonin syndrome presenting as restlessness, anxiety, agitation, and 
confusion in older adults has been associated with the use of SSRIs and SNRIs. This 
side effect has been reported to occur primarily when the antidepressant was used in 
combination with other drugs which have an effect on serotonin such as buspirone, 
tramadol, and dextromethorphan. 

 Venlafaxine and bupropion generally have fewer anticholinergic effects, while 
duloxetine possesses this property and may result in urinary retention. Increases in 
blood pressure have been associated with these antidepressants (Augustin et al.  1997 ). 

 In addition to differences in side effects among major antidepressant classes, the 
presence or absence of drug-drug interactions has become an increasingly important 
issue in selecting among the available drugs. Traditionally TCAs have had relatively 
few drug-drug interactions of clinical signifi cance. Newer drugs such as the SSRI, 
however, have been implicated in many potentially serious interactions which may 
be important in older populations due to the number of prescribed medications and 
the variety of interactions which have been reported. Monoamine oxidase (MAO) 
inhibitor use has been limited for several reasons, most important of which is the 
presence of many potentially serious drug-drug and drug-food interactions which 
potentially can result in palpitations, severe headache, and hypertensive crisis. 

 Depression increases the risk of falls (Quach et al.  2013 ). Antidepressants have 
the potential to impair gait, balance, and blood pressure regulation, although an 
inconsistent association between antidepressants and falls has been noted 
(Hartikainen et al.  2007 ). Serotonin norepinephrine reuptake inhibitors (SNRIs)  
may also increase the risk of falls on the same order that SSRIs and TCAs do 
(Gribbini et al.  2011 ). A recent fi nding that antidepressants increase the risk of out-
door falls, but not indoor falls (Quach et al.  2013 ), seems counter to studies docu-
menting the link between antidepressants and falls in nursing homes (Thapa et al. 
 1998 ). Excess fractures associated with both SSRIs and TCAs have been confi rmed 
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(Rosenstein  1993 ; Rabenda et al.  2013 ). The estimated contribution of antidepres-
sant use to the population rate of hip fractures varies between 3 and 7 % (Prieto-
Alhambra et al.  2014 ). 

 Falls and fractures have been associated with the use of many antidepressants. 
People who have a history of falls or fractures should avoid SSRIs and SNRIs unless 
safer alternatives are not available due to SSRIs’ ability to produce ataxia and syn-
cope and impair psychomotor functioning (American Geriatrics Society  2012 ). 
TCAs should also be avoided for people with a history of falls or fractures because 
of the same reasons as SSRIs.  

14.4     Benzodiazepines and BZDP Receptor Agonists 

 Benzodiazepines continue to be overprescribed in older adults, with recent data 
showing that 8.7 % of community-dwelling Americans between 65 and 80 years of 
age have been prescribed the drugs despite their known risks (Olfson et al.  2015 ). A 
quarter of the drugs were long acting and almost one-third of benzodiazepine use in 
this age group was for more than 4 months (Olfson et al.  2015 ). Sedation and 
impaired driving from the use of benzodiazepines are familiar to clinicians as well 
as withdrawal seizures from acutely stopping short-acting benzodiazepines. Hip 
fractures continue to be associated with the use of benzodiazepines including the 
short-acting drugs when used in higher dosages, concomitantly with other drugs, 
and shortly after initiating therapy (Zint et al.  2010 ). Although cognitive impairment 
has also been associated with these drugs, a recent case-control study from the 
Quebec Health Insurance Program database evaluated the association between past 
benzodiazepine use in independently living older adults and the subsequent risk of 
developing Alzheimer’s disease (Billioti de Gage et al.  2014 ). A dose-effect rela-
tionship was demonstrated with higher dosages associated with a greater risk of 
Alzheimer’s disease, as well as with longer-acting benzodiazepines relative to 
shorter-acting agents (Billioti deGage et al.  2014 ). 

 In addition, benzodiazepine receptor agonists such as zolpidem, zopiclone, and 
zaleplon are commonly prescribed for acute and chronic insomnia in older adults. 
Initially these drugs were perceived to lack many of the adverse effects attributed to 
benzodiazepines. Since their initial introduction, however, multiple observational 
studies have reported adverse effects such as falls and hip fractures in older adults 
similar to those as associated with benzodiazepines (Diem et al.  2014 ; Bakken et al. 
 2014 ). More recently, these drugs particularly zolpidem have been associated with 
anterograde amnesia the day after administration, although this is likely less common 
than with the short-acting benzodiazepine triazolam. Similar to benzodiazepines, 
reports of impaired driving have been reported especially with the use of zolpidem by 
women (Farkas et al.  2013 ). In a small crossover study of 16 healthy adults with a 
mean age of 59.4 years, the use of zolpidem resulted in poorer psychomotor and driv-
ing performance as well as memory recall compared with sustained- release melato-
nin (Otmani et al.  2008 ).  
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14.5     Anti-dementia Medications 

 Two broad categories of drugs, the cholinesterase inhibitors and memantine, are 
commonly used to treat cognitive impairment, Alzheimer’s disease, and other 
dementias. For the cholinesterase inhibitors including donepezil, rivastigmine, and 
galantamine, the primary safety concern has been on their potential gastrointestinal 
effects, especially anorexia, nausea, vomiting, and diarrhea. In a meta-analysis of 
clinical trials of cholinesterase inhibitors, the excess rates of dropouts due to 
adverse events were low (donepezil 2 %, rivastigmine 9 %, galantamine 14 %) and 
gastrointestinal in nature (Lanctôt et al.  2003 ). The recent introduction of donepezil 
23 mg tablet has an increased risk of gastrointestinal symptoms including weight 
loss and vomiting over the 10 mg tablet yet only modest additional benefi ts on rat-
ing scales (Farlow et al.  2010 ). For the frail patient with Alzheimer’s disease, this 
may result in additional challenges to maintain an adequate weight. In addition, 
cholinesterase inhibitors may make worsen urinary incontinence in older adults, 
resulting in the subsequent prescribing of urinary antimuscarinic drugs such as tolt-
erodine and oxybutynin which in turn may further increase confusion. More 
recently, in a Canadian population-based cohort, the use of cholinesterase inhibitors 
has been linked to an increased risk of bradycardia and syncope with subsequent 
falling and fractures in community-dwelling older adults (Gill et al.  2009 ). Although 
the precise mechanism for developing bradycardia is unclear, the drugs may 
enhance vagal tone (Gill et al.  2009 ). 

 Memantine is well tolerated with few adverse events (Lanctôt et al.  2003 ; Farlow 
et al.  2010 ). In a recent multicountry study including 46,737 Medicare benefi ciaries 
and 29,496 Danish participants, cholinesterase inhibitor users had similar risks of 
heart failure and myocardial infarction, but memantine was associated with 
increased risks of cardiac events in the Danish sample. In both countries,  memantine 
users had greater mortality rates most likely due to channeling of the sickest patients 
to memantine therapy (Gill et al.  2009 ).  

14.6     Conclusions 

 The safe use of psychiatric drugs presents special concerns in older adults. 
Interactions due to comorbid conditions and concomitant drugs, as well as pharma-
cokinetic and pharmacodynamics changes, increase the risk of adverse effects with 
psychiatric drugs. Seemingly simple side effects such as blurred vision may have 
signifi cant negative effects on quality of life in the older adult. More importantly, 
despite limited effi cacy, the use of antipsychotics in older adults is associated with 
increased risks of death, adverse cardiac outcomes, and pneumonia. Falls and frac-
tures are commonly linked to many psychiatric medications. The risks of treatment 
must be considered carefully in older adults.     
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    Chapter 15   
 Safety of Psychotropic Drugs in Pregnancy 
and Breastfeeding                     

       Olav     Spigset      and     Hedvig     Nordeng    

    Abstract     Pharmacovigilance studies are vital to our understanding of the safety of 
medications in pregnancy, but great care must be taken in the analysis and interpre-
tation of observational data to avoid problems with confounding and bias. Data on 
drug excretion in breast milk and possible effects of the breastfed infant often stem 
from case reports or small case series, making the generalization of the results a 
challenge. This chapter reviews the safety of psychotropic drugs in pregnant and 
breastfeeding women and discusses methodological issues that have to be dealt with 
in the interpretation of published data.  

  Keywords     Pregnancy   •   Teratology   •   Fetal safety   •   Postpartum depression   • 
  Breastfeeding   •   Breast milk  

15.1         Introduction 

 The most common mental disorders during pregnancy and in the postpartum period 
are depression, bipolar disorder, and anxiety disorders. For women with mild symp-
toms, non-pharmacological treatment is often suffi cient, but in patients with moder-
ate to severe symptoms, drug treatment is frequently used.  
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15.2     Drug Safety in Pregnancy 

 In the general population, knowledge of medication effi cacy and safety is primarily 
based on prospective and randomized clinical trials. Pregnant women, however, are 
routinely excluded from these studies due to uncertainties about the effects on fetal 
development. Available information on medication safety in human pregnancies is 
therefore most commonly based on case reports or case series initially and then, 
several years after the drug has reached the market, on pharmacoepidemiological 
studies. Case reports are most commonly limited by retrospective reporting (“report-
ing bias”) and lack of information about important potential confounding factors, 
making causality diffi cult or impossible to determine. However, history has shown 
that many known teratogens have been identifi ed through case reports (e.g., thalido-
mide, isotretinoin, mycophenolate) and that such reports therefore may be valuable, 
especially when the particular outcome is infrequent in the unexposed population 
and the risk is clearly increased.

   Pharmacoepidemiological studies in pregnancy typically have case-control or 
cohort design and are based on data from adverse drug reaction surveillance sys-
tems, pregnancy registries, clinical networks (e.g., teratology information services), 
or large health-care databases (e.g., a prescription registry linked to a medical birth 
registry). Such studies are vital to our understanding of the safety of medications in 
pregnancy, but as they are based on observational data, great care must be taken in 
the analysis and interpretation of their results. Major methodological challenges are 
related to sample size/power, errors in measurement of medication use, bias in the 
form of, e.g., selection bias and information bias (misclassifi cation of exposure or 
outcome), and confounding. Potential sources of confounding in studies with psy-
chotropic drugs are sociodemographic status, alcohol intake, smoking, nutritional 
status including vitamin intake, and concomitant drug therapy. 

 A major challenge in pregnancy studies is confounding by indication, i.e., to 
distinguish between a fetal effect caused by the drug under study and by the mater-
nal disorder being treated. In fact, in many cases the underlying (and untreated) ill-
ness might pose a greater risk to the unborn child than the medication. Including a 
disease comparison group (women with the same disease and ideally also the same 
disease severity, but not treated with the drug), or comparing drug use across differ-
ent indications, offers advantages over studies comparing exposed cases to healthy 
controls only. 

 In all pharmacoepidemiological studies, sources of errors or bias should be 
acknowledged and discussed and preferably quantifi ed by performing sensitivity 
analysis of estimates under an array of assumptions about possible bias directions 
and magnitudes. 

 Many fetal adverse events (e.g., malformations, neonatal persistent pulmonary 
hypertension) occur spontaneously at low rates, and most human teratogens increase 
such risk modestly. For example, 800 exposed cases and 800 unexposed controls 
are required to detect a twofold increased risk for malformations with 80 % statisti-
cal power and an alpha value of 0.05, assuming a baseline prevalence rate of 3 % 
(Strom  2012 ). When studying specifi c malformations, the absolute risk is 
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 considerably lower (i.e., the background risk of any cardiac defects is about 1 %; of 
a neural tube defect about 1:1000), and several thousand exposed cases are often 
needed to detect a true increase in fetal risk. 

15.2.1     Antidepressants 

 Antidepressants, and in particular selective serotonin reuptake inhibitors (SSRIs), 
are probably the most studied and debated drug group with respect to safety in preg-
nancy. There has been a marked increase in the use of antidepressants in pregnancy 

First trimester 
exposure

Second trimester 
exposure

Third trimester 
exposure

Antidepressantsa May be used. Avoid 
paroxetine due to a 
possible increased risk of 
cardiac defects

May be used May be used. Transient 
perinatal complications 
may occur in infants 
exposed up to delivery

Antipsychotics May be used

Lithium Avoid if possible. Small 
increased risk of cardiac 
defects (in particular 
Ebstein’s anomaly)

Avoid if possible May be used

Carbamazepine Should be avoided.
Increased risk of 
malformations 

Avoid if possible Avoid if possible

Valproic acid Contraindicated. 
Considerably increased 
risk of malformations

Contraindicated. Risk of 
long-term cognitive 
impairment

Contraindicated. Risk of 
long-term cognitive 
impairment

Lamotrigine May be used May be used May be used

Anxiolytics and 
hypnotics

May be used sporadically May be used sporadically May be used 
sporadically. Respiratory 
distress may occur in 
infants exposed up to 
delivery

May be used May be used. Transient 
dyskinesias may occur in 
neonates exposed up to 
delivery, particularly for 
first generation drugs

   Light gray : Generally considered safe, but uncertainties may exist, e.g., for some of the drugs 
within a group or related to the total amount of data available 
  Medium gray : Increased risk of harmful effects cannot be excluded 
  Dark gray : The fetal risk exceeds the therapeutic advantage for the mother in the treatment of 
mental disorders in pregnancy 
  a For other antidepressants than selective serotonin reuptake inhibitors, see text  

      Table 15.1    Overview of the most commonly used medications for treatment of mental disorders 
according to their safety during pregnancy       
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over the last 10 years, with the most recent prevalence data ranging from 3 % to 4 % 
in Europe and in Australia to more than 8 % in North America (Nordeng  2016 ). 

 The majority of studies that have evaluated the safety of antidepressants in early 
pregnancy do not indicate an enhanced risk of major congenital malformations after 
exposure to SSRIs in general (Koren and Nordeng  2012 ). A meta-analysis including 
studies published on SSRIs up to 2010, however, suggested an increased risk of 
cardiac defects (especially septal defects) with fi rst-trimester exposure to parox-
etine. For cardiac defects, the odds ratio (OR) was 1.46, with a 95 % confi dence 
interval (CI) of 1.17–1.82 (Wurst et al.  2010 ). 

 In one of our studies based on data from more than 60,000 pregnant women and 
their children in the Norwegian Mother and Child Cohort Study, we found that 
exposure to SSRIs during the fi rst trimester was not associated with an increased 
risk of overall congenital malformations (adjusted OR 1.22; 95 % CI 0.81–1.84) or 
cardiovascular malformations (adjusted OR 1.51; 95 % CI 0.67–3.43) (Nordeng 
et al.  2012 ). Exposure to antidepressants in general was not associated with low 
birth weight (adjusted OR 0.62; 95 % CI 0.33–1.16). In the crude analysis, exposure 
to antidepressants was associated with preterm birth (OR 1.46; 95 % CI 1.04–2.04); 
however, after adjustment for depression and sociodemographic characteristics, this 
increased risk disappeared (adjusted OR 1.21; 95 % CI 0.87–1.69). Moreover, hav-
ing symptoms of depression in pregnancy was in itself associated with preterm birth 
(adjusted OR 1.13; 95 % CI 1.03–1.25). These fi ndings are reassuring and illustrate 
the importance of adjustment for the underlying illness in pharmacoepidemiologi-
cal studies. Without adjustment, antidepressant use would wrongly have been 
accused for being associated with preterm birth (Nordeng et al.  2012 ). 

 Studies have shown confl icting results as to whether SSRIs increase the risk of 
other outcomes in the newborn, such as low birth weight and perinatal complica-
tions; however most of these studies have not been able to distinguish whether this 
is due to antidepressant treatment or is caused by the underlying mental disorder. A 
systematic review of the literature showed that depression in itself increased the 
risks for low birth weight by 49 %, for intrauterine growth restriction by 45 %, and 
for preterm delivery by 39 % (Grote et al.  2010 ). 

 In a literature review on third trimester safety of antidepressants, we found that 
neonatal adverse fi ndings were quite common among infants exposed to SSRIs 
close to delivery (2–3 out of 10 exposed infants) (Nordeng and Spigset  2005 ). 
Respiratory distress, irritability, and suckling diffi culties were most frequent and 
resolved  spontaneously in most cases within 2 weeks postpartum (Nordeng and 
Spigset  2005 ; Moses-Kolko et al.  2005 ). However, such fi ndings are relatively com-
mon also among unexposed newborns. Although several studies have found a statis-
tical signifi cant association between prenatal exposure to SSRIs and persistent 
pulmonary hypertension of the newborn (OR: 2.5; 95 % CI 1.3–4.7), the absolute 
risk of this serious complication remains low (3–12 of 1000 exposed infants) 
(Grigoriadis et al.  2013 ). 

 As serotonin plays a critical role in hemostasis, concern has been raised with 
respect to perinatal bleeding complications. We identifi ed no overall increased risk 
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of vaginal bleeding during pregnancy or after delivery among women exposed to 
antidepressants. Interestingly, women not medicated with antidepressants but with 
depressive symptoms had a moderately increased risk of vaginal bleeding in early 
and mid pregnancy (Lupattelli et al.  2014 ). 

 Recently, concerns about long-term neurodevelopmental outcomes after prena-
tal antidepressant exposure have been raised. Animal studies have found exposure 
to elevated serotonin levels to be associated with abnormal development of the 
central nervous system (Schaefer et al.  2015 ). Results from human neurodevelop-
mental studies, however, have been inconsistent: some link antidepressants to 
adverse neurodevelopmental outcomes like ADHD, autism spectrum disorders, and 
motor and cognitive dysfunction, whereas others do not (Gentile and Galbally 
 2011 ). A recent review of the literature found no clear evidence of negative effects 
by SSRIs on early neurodevelopment, but studies on later neurodevelopment 
showed confl icting results with respect to untoward effects on psychomotor, cogni-
tive and language development, temperament, and behavioral problems (Hermansen 
and Melinder  2015 ). General recommendations for SSRI use in pregnancy are sum-
marized in (Table  15.1 ). 

 Tricyclic antidepressants (TCA) and serotonin/noradrenaline reuptake inhibitors 
(SNRIs) are less well studied than SSRIs, but may be used in women who do not 
respond to SSRIs. Most data exists for amitriptyline, clomipramine, imipramine, 
nortriptyline, and venlafaxine (Schaefer et al.  2015 ). Data do not indicate any 
increased risk of major malformations, but most studies have been too small or have 
other methodological limitations to draw defi nite conclusions. An increased risk of 
poor neonatal adaptation has been reported after use of venlafaxine during preg-
nancy, as for other serotonergic antidepressants.  

15.2.2     Antipsychotics 

 Antipsychotics are prescribed to 0.2–0.3 % of all pregnant women (Petersen et al. 
 2014 ), mainly for bipolar disorder and schizophrenia. First-generation antipsycho-
tics are known to affect the menstrual cycle and may also reduce fertility secondary 
to the group’s prolactin-increasing effects. Second-generation antipsychotics, on 
the other hand, have metabolic side effects that may increase the risk of excessive 
maternal weight gain during pregnancy, gestational diabetes, and preeclampsia. 
None of the published studies indicate an increased risk of teratogenic effects, 
though less data are available for the newest second-generation antipsychotics 
(Galbally et al.  2014 ). 

 Concern has been regarding the use of antipsychotics in the third trimester and 
transient dyskinesias in the newborn. These fi ndings, however, have been mostly 
related to the use of fi rst-generation antipsychotics. Most guidelines nevertheless 
recommend continuing antipsychotic treatment until delivery to avoid the risk of 
relapse and to monitor the newborn for possible neuromuscular adverse effects and 
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feeding problems. General recommendations for the use of antipsychotics in preg-
nancy are summarized in (Table  15.1 ).  

15.2.3     Mood Stabilizers 

 Lithium has traditionally been considered a teratogenic drug due to an association 
with cardiac malformations, in particular Ebstein’s anomaly. This risk, however, 
may have been overestimated, and today it is generally considered that the absolute 
risk of Ebstein’s anomaly after fi rst-trimester exposure to lithium is low (0.5–1:1000, 
as compared to 1: 20,000 in the general population). Lithium should be reserved for 
cases where drugs with a more favorable fetal risk profi le are unsuitable. Women 
using lithium in pregnancy could be offered an early ultrasound examination to 
exclude possible fetal cardiac defects (Schaefer et al.  2015 ). The newborn should be 
monitored for signs of neuromuscular toxicity fi rst week postpartum. 

 Carbamazepine, valproic acid, and lamotrigine are antiepileptic drugs frequently 
used in patients with bipolar disorders. Carbamazepine and valproic acid should be 
avoided in pregnant women with psychiatric illness due to an increased risk of mal-
formations and adverse neurodevelopmental effect in the offspring. Both carba-
mazepine and valproic acid interfere with folate metabolism, which may be one of 
the mechanisms involved. First-trimester exposure to carbamazepine has been asso-
ciated with a twofold to fi vefold increased risk of neural tube defects. An increased 
risk of other malformations, e.g., cleft palate, cardiac malformations, and hypospa-
dias, has also been reported. A meta-analysis including more than 60,000 women 
with epilepsy using carbamazepine as monotherapy reported an overall malforma-
tion rate of 5.7 % (95 % CI 3.7–7.7 %) (Meador et al.  2008 ), which is signifi cantly 
higher than the expected baseline rate of 3–4 %. There is plausible evidence of a 
dose-response effect with increased risk with doses above 1000 mg/day (Tomson 
et al.  2011 ). 

 Valproic acid is one of the most teratogenic antiepileptic drugs and should not be 
prescribed to women in reproductive age. The meta-analysis mentioned above 
found a malformation rate of 17.6 % (95 % CI 5.3–30.0 %) among women on val-
proic acid monotherapy (Meador et al.  2008 ). The most common malformations 
include neural tube defects, cardiac defects, and defects of the extremities and uro-
genital tract, with a dose-dependent increased risk at least for spina bifi da and hypo-
spadia (Vajda and Eadie  2005 ). It has also been suggested that a fetal valproic acid 
syndrome, including specifi c anomalies of the face and fi ngers, may exist (Kozma 
 2001 ). Finally, exposure to valproic acid is linked to impaired cognitive function 
with lower IQ scores, especially after exposure to doses above 800–1000 mg/day 
(Bromley et al.  2014 ). 

 A principal limitation of the literature on the safety of carbamazepine and val-
proic acid in pregnancy is that most studies have been conducted among women 
with epilepsy where the underlying disease in itself is associated with an increased 
fetal risk. Moreover, the doses are generally higher than those used in psychiatric 
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disorders. However, as the risks related to use of these drugs are clearly signifi cant, 
it is not justifi able to be less restrictive in the recommendations in bipolar disorder 
than in epilepsy, although the risk possibly is lower. 

 Knowledge on the safety of lamotrigine in pregnancy stems from thousands of 
pregnancies showing no increased risk of malformations or long-term adverse 
effects in prenatally exposed children. Lamotrigine could therefore be considered 
the antiepileptic drug of choice for pregnant women with bipolar disorders (Schaefer 
et al.  2015 ). General recommendations for the use of mood stabilizers in pregnancy 
are summarized in (Table  15.1 ).  

15.2.4     Anxiolytics and Hypnotics 

 Among benzodiazepines and benzodiazepine-like hypnotics (zopiclone, zolpidem, 
and zaleplon), most data on safety during pregnancy exists for diazepam and zolpi-
dem. One meta-analysis and a recent literature review concluded that there is little 
evidence for major malformations after use of benzodiazepines during pregnancy 
(Dolovich et al.  1998 ; Bellantuono et al.  2013 ). A study including more than 500 
early pregnancy exposures to zolpidem found no overall increased risk of major 
malformations (Wikner and Källen  2011 ). There were four cases of non-atresial 
intestinal malformations (0.8 cases expected), but the authors suggest that this fi nd-
ing could be spurious due to multiple testing (Wikner and Källen  2011 ). 

 Prolonged use of benzodiazepines, particularly in high doses and close to deliv-
ery, has been associated with neonatal pharmacological effects and withdrawal 
symptoms, including poor suckling, fl oppy infant syndrome, and respiratory dis-
tress. Moreover, after prolonged use of benzodiazepines throughout pregnancy, con-
cern has been raised about unfavorable long-term neurodevelopmental effects. 
However, although some data indicate that a small number of children may have a 
delayed development during the fi rst year or so, they have generally developed nor-
mally by 4 years of age (McElhatton  1994 ). 

 Several important limitations exist for studies on the safety of benzodiazepines 
in pregnancy. Most studies did not have information about duration of therapy or 
indication for use, they did not differentiate between the various benzodiazepines, 
and in most studies there was a high degree of co-medication with other psychotro-
pic drugs. Moreover, recall bias has been a major problem in the studies employing 
a case-control design (Dolovich et al.  1998 ). Women using benzodiazepines also 
drink more alcohol, are more often smokers, and have lower socioeconomic status 
than women not using benzodiazepines in pregnancy, factors that clearly could con-
found the results. 

 According to current knowledge, benzodiazepines and benzodiazepine-like hyp-
notics could be prescribed for short-term use in the lowest possible doses during 
pregnancy. Special precautions should be taken close to delivery. General recom-
mendations for the use of anxiolytics and hypnotics in pregnancy are summarized 
in (Table  15.1 ).   

15 Safety of Psychotropic Drugs in Pregnancy and Breastfeeding



306

15.3     Drug Safety During Breastfeeding 

 Human milk represents the ideal source of nutrients for small infants and provides 
superior immunological and antioxidant protection to milk substitutes (Newton 
 2004 ). As the infant should not unnecessarily be denied the benefi ts of breast milk, 
women are strongly encouraged to breastfeed whenever possible (World Health 
Organization  2003 ; American Academy of Pediatrics  2012 ). The obvious dilemma 
when treating a breastfeeding mother with a psychotropic drug is weighing the 
potential risk to the infant due to drug exposure through the milk against the disad-
vantage of not receiving breast milk. Another alternative, stopping or not commenc-
ing maternal drug treatment, might be even more harmful, taking into account the 
risk for the mother and thereby indirectly also for the infant if the mother is not 
receiving adequate treatment for her mental disorder (Cornisha et al.  2005 ). 

 Specifi c questions to be answered when deciding how to handle drug treatment 
in a woman with a mental disorder postpartum include: What are the risks for the 
mother and the infant if the maternal disease is not adequately treated? How strong 
is the mother’s desire to breastfeed? What are the disadvantages for the infant of not 
receiving breast milk? What are the risks for the infant of being exposed to the 
medication through breast milk? Is there any evidence to suggest that some specifi c 
drugs within a therapeutic group are more favorable than others to use related to 
infant risk? If necessary, could any practical strategies be used to reduce drug expo-
sure to the infant? And fi nally, if there is a (often small or even just theoretical) risk 
of adverse effects in the infant due to drug exposure and breastfeeding nevertheless 
is allowed, should the infant be monitored in any way? 

 In order to provide precise answers to these questions, knowledge about to which 
extent the various psychotropic drugs are excreted into breast milk and about the 
infant’s age-related capacity to metabolize these drugs is a prerequisite. Moreover, 
knowledge about the theoretical infant dose and plasma concentrations of the drugs 
that could be expected in the infant and whether any adverse effects have been 
reported is also required. Unfortunately, available information about milk or infant 
plasma concentrations and effects of psychotropic drugs in breastfed infants is 
almost exclusively based upon case reports and small case series rather than upon 
prospective studies with unexposed control groups. For many drugs, information is 
extremely sparse. 

15.3.1     Pharmacokinetic Considerations 

 Passage of psychotropic drugs between maternal plasma and breast milk is based 
upon principles of passive diffusion and will therefore follow a gradient from high 
to low concentration of free (unbound) drug. The timing of breastfeeding in relation 
to the time of maternal ingestion of the drug will thus be an important determinant 
for the concentration of the drug in the milk. When the concentration reaches its 
peak level in the maternal plasma, usually within a couple of hours after intake, it 
will, after a short delay, also reach its highest level in breast milk. Thereafter, as the 
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maternal plasma drug concentration gradually declines, the concentration in breast 
milk will decrease until the mother ingests the next dose. For drugs with a short 
elimination half-life, such as zolpidem (t 1/2  = 2–3 h), the risk of adverse effects in 
the infant can thus be reduced by breastfeeding at times when the drug concentra-
tion in breast milk is at its lowest level. This can be achieved – as obvious for zolpi-
dem but also valid for non-hypnotic drugs with short elimination half-lives – by 
taking the daily dose in the evening and avoiding breastfeeding during the night. 
However, the vast majority of psychotropic drugs have long or very long elimina-
tion half-lives with quite stable concentrations in breast milk. For such drugs, avoid-
ing breastfeeding during the peak concentration period will only reduce the infant’s 
drug intake to a small extent. Simulation of data from a study from our group of the 
excretion of paroxetine (Öhman et al.  1999 ) showed that total infant exposure would 
be reduced only by about 20–30 % by avoiding the peak phase in milk. 

 As psychotropic drugs are lipophilic, concentrations in breast milk increase and 
decrease in parallel with the milk triglyceride content. In two previous studies from 
our group, we have shown that the concentrations of paroxetine and aripiprazole 
were considerably higher in hindmilk than in foremilk, related to the higher triglyc-
eride content in hindmilk (Öhman et al.  1999 ; Nordeng et al.  2014a ). However, as 
also the nutritional value of milk is linked to its triglyceride levels, efforts to avoid 
additional drug exposure by discarding milk with high triglyceride levels, such as 
hindmilk, cannot be recommended. 

 Because newborns, and in particular premature infants, have an immature liver and 
kidney function, they eliminate drugs at a lower rate than older children and adults 
(for an overview related to psychotropic drugs, see Spigset and Hägg  1998 ). This 
applies both to enzymes belonging to the cytochrome P-450 (CYP) system (by which 
most psychotropic drugs are metabolized) and to the family of glucuronidating (UGT) 
enzymes (by which, e.g., oxazepam and lamotrigine are metabolized). For example, 
the elimination half-life of diazepam (which is mostly metabolized by CYP2C19) is 
approximately 80 h in premature infants, about 30 h in full-term newborns, and 
10–20 h in infants after the newborn period. During the fi rst months of life, hepatic 
function gradually matures, and after about 3–4 months of age, the metabolic capacity 
reaches adult levels. In contrast, renal function is not fully developed until the infant 
is at least 6 months old. Therefore, drugs with a high degree of renal elimination, such 
as lithium, are of particular concern related to accumulation in young infants. 

 In addition to the pharmacokinetic aspects discussed above, premature or seri-
ously ill infants will often have a lower tolerance to the pharmacological action of 
drugs than healthy children, including possible unfavorable effects.  

15.3.2     Calculation of Infant Dose 

 If the drug concentration in breast milk is known, the infant’s theoretical dose can 
be estimated by multiplying this value with the volume of milk that the infant 
ingests. In such calculations, milk intake in an infant who is fully breastfed is stan-
dardized to 150 ml/kg body weight per day. To assess the risk of adverse effects, the 
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estimated dose can then be related, e.g., to the recommended pediatric dosage for 
that drug for individuals of the same age. For example, for lamotrigine a fully 
breastfed infant is exposed to amounts corresponding to between 25 % and 50 % of 
the therapeutic pediatric dosage for infants, indicating that there might be a risk of 
pharmacological effects in the infant (Nordmo et al.  2009 ; Hale  2014 ). 

 It is even more common to calculate the infant’s weight-adjusted relative dose, 
i.e., the dose the infant ingests per kilogram bodyweight in relation to the maternal 
dose per kilogram bodyweight. Infant exposure is regarded as minimal when the 
relative dose is below 2 %, small when the relative dose is 2–5 %, moderate when 
the relative dose is 5–10 %, and high when the relative dose is above 10 %. With 
relative doses above 10 %, it is generally considered that a risk of pharmacological 
effects in the infant does exist (Hale  2014 ; Ito  2000 ). With lower relative doses than 
10 %, breastfeeding is in principle assumed to be safe, although infrequent cases of 
possible untoward infant affection have been reported also for drugs with relative 
doses below (but close to) 10 %, such as citalopram and aripiprazole (Hale  2014 ; 
Berle and Spigset  2011 ). On the other hand, breastfeeding is not necessarily always 
contraindicated during maternal treatment with drugs for which the relative doses 
are above 10 %, such as lithium and lamotrigine (see later).  

15.3.3     Evidence of Adverse Effects 

 Most data on adverse effects in breastfed infants are derived from case reports 
(Rubin et al.  2004 ). Such reports are clearly of interest for drugs for which no or 
very little previous data exist, but it is often complicated or even impossible to deter-
mine whether there is a causal connection between reported infant symptoms and 
drug exposure. 

 A literature review of 183 reports on the use of psychotropic drugs during breast-
feeding (Fortinguerra et al.  2009 ) found that infant adverse effects had been pub-
lished for all groups of psychotropic drugs (but not for all individual drugs!). 
Notably, another review found that in about 80 % of the cases with adverse effects 
after maternal drug use in general, the infant was younger than 2 months of age 
(Anderson et al.  2003 ). This is accordance with the expected gradual maturation of 
hepatic and renal function during the fi rst months of life and clearly illustrates that 
infant age is a critical factor to take into account when assessing the individual 
infant risk. 

 Very few prospective and systematic studies have compared the occurrence of 
symptoms possibly related to psychotropic drug exposure in breastfed infants of 
mothers taking and not taking the medication under study. One of a few such studies 
has been performed by our group (Berle et al.  2004 ). In that study, excretion of selec-
tive serotonin reuptake inhibitors (SSRIs) or venlafaxine to breast milk was investi-
gated in 25 mothers with 26 exposed infants. Ten common symptoms of SSRI 
exposure (regurgitation/vomiting, irritability, tremor, suckling or feeding problems, 
decreased or increased sleep, yawning, etc.) were rated by the mothers and  compared 
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to a control group of 68 breastfed infants of the same age where the mother did not 
use any medication. There were no differences between the groups neither regarding 
any of the specifi c symptoms nor regarding the total symptom score (5.9 in the anti-
depressant group vs. 7.6 in the control group on a scale ranging from 0 to 30). 

15.3.3.1     Antidepressants 

 Depression is a common illness among women in the postpartum period with an 
incidence of 10–15 % (O’Hara and Schwain  1996 ). In addition to the potentially 
harmful effects the depression may have on the mother, challenges exist related to 
caretaking of the newborn infant. Chronic maternal depression in the fi rst year 

    Table 15.2    Infant doses and plasma concentrations of newer antidepressants after exposure via 
breast milk   

 Drug  Relative infant dose a  
 Absolute infant plasma 
concentration 

 Relative infant plasma 
concentration b  

 Selective serotonin reuptake inhibitors 
 Citalopram  3–10 %  Negligible c   Up to 10 % d  
 Escitalopram  3–6 %  <5 ng/ml  <4 % 
 Fluoxetine e   <12 %  Up to 100 ng/ml f   Up to 80 % f  
 Fluvoxamine  <2 %  <LOD g   – 
 Paroxetine  0.5–3 %  <LOD g   – 
 Sertraline  0.5–3 %  <LOD g   – 
 Other newer antidepressants 
 Venlafaxine h   6–9 %  Up to 40 ng/ml  Up to 30 % 
 Duloxetine  <1 %  <LOD g   – 
 Reboxetine  1–3 %  <5 ng/ml  <2 % 
 Bupropion i   2 %  <LOD g   – 
 Mirtazapine  0.5–3 %  0.2 ng/ml  <1 % 

   a Infant daily dose per kg body weight expressed as a percentage of maternal daily dose per kg body 
weight. A value below 10 % is generally considered negligible 
  b Infant plasma concentration expressed either as a percentage of the measured maternal plasma 
concentration or as a percentage of what could be considered a low therapeutic concentration in 
adults 
  c In most cases below the lower limits of detection for the analytical methods employed, which 
were mostly in the range of 2–5 ng/ml. However, in a few cases, which also have been associated 
with suspected adverse effects, concentrations up to 15 ng/ml have been found 
  d In a few cases, which also have been associated with suspected adverse effects, concentrations up 
to about 50 % of the therapeutic concentration range have been found 
  e Sum of fl uoxetine and the active metabolite norfl uoxetine 
  f In some cases, which also have been associated with suspected adverse effects, concentrations as 
high as about 500 ng/ml, i.e., clearly within the therapeutic concentration range, have been found 
  g Below the lower limits of detection for the analytical methods, which were mostly in the range of 
1–5 ng/ml 
  h Sum of venlafaxine and the active metabolite O-desmethylvenlafaxine 
  i Including one or several of the active metabolites of bupropion  
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postpartum is associated with delayed psychomotor development in the child at 
15 months and may also affect the cognitive and emotional development (Cornisha 
et al.  2005 ; Poobalan et al.  2007 ). 

 Key data on infant exposure for antidepressants are presented in Table  15.2 . 
Regarding the choice of specifi c drug, it is sometimes recommended that sertraline 
should be preferred over other SSRIs due to the low infant exposure to that drug 
(Gentile  2007 ). It has also been recommended that when possible, fl uoxetine and 
citalopram should be avoided or used with caution due to the higher infant plasma 
levels (Table  15.2 ) and the possible risk of adverse effects such as irritability, sleep 
disturbances, colic, and poor suckling.

   Nevertheless, irrespective of which SSRI if the mother has been treated with dur-
ing pregnancy, we suggest that the same drug could also be used in the postpartum 
period (Berle and Spigset  2011 ; Berle et al.  2004 ). Based upon the current literature 
including a prospective study from our group (Berle et al.  2004 ), we recommend 
that when antidepressant treatment is indicated in the postpartum period, the woman 
should generally not be advised to discontinue breastfeeding. Some reviews and 
guidelines recommend infant monitoring, particularly if the infant is sick, is prema-
ture, or has a low body weight (Weissman et al.  2004 ; Lanza di Scalea and Wisner 
 2009 ). However, given the very low risk of any untoward effects, we consider there 
is no general need for routine follow-up examinations. 

 The numbers of exposed infants vary signifi cantly between drugs, with about 
100 cases for fl uoxetine, paroxetine, sertraline, and citalopram, but less than 25 for 
the other newer antidepressants. Some degree of uncertainty inevitably exists for the 
drugs with the lowest numbers of exposed infants, even when no adverse effects 
have been reported. On this basis, drugs for which little data exist, such as fl uvox-
amine, venlafaxine, duloxetine, reboxetine, bupropion, and mirtazapine, should not 
be viewed as fi rst-line therapies, but could be considered in special cases.  

15.3.3.2     Antipsychotics 

 The risk of a psychotic reaction is higher in the postpartum period than anytime 
during a woman’s life. In a study of female patients with bipolar disorder, 36 % had 
had their fi rst psychotic episode in the postpartum period (Hunt and Silverstone 
 1995 ). In another study of women who previously had been hospitalized with psy-
chiatric symptoms, the risk of postpartum psychosis was increased about 100-fold 
(Nager et al.  2008 ). Thus, treatment with antipsychotics related to breastfeeding is 
not an uncommon issue. 

 In general, sparse data exist for the excretion of second-generation antipsychot-
ics in breast milk, and even less data is available regarding possible effects in the 
breastfed infants. In total, about 60 cases for olanzapine, 20–30 cases for quetiapine, 
about 10 cases for risperidone and clozapine, 4 cases for aripiprazole, and 2 cases 
for ziprasidone have been published to date (Nordeng et al.  2014a ; Hale  2014 ; 
Klinger et al.  2013 ). Key data on infant exposure for these drugs are presented in 
Table  15.3 .
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   In a case series of four breastfed infants exposed to clozapine, agranulocytosis 
was reported in one and drowsiness in another of the infants (Dev and Krupp  1995 ). 
Although the relative infant dose is low, these adverse effects could be readily 
explained from the drug’s adverse effect profi le. Due to the severity of these reac-
tions, it is generally recommended that women treated with clozapine should avoid 
breastfeeding. 

 For olanzapine and quetiapine, some prospective data are available, although 
only fi ve and six subjects have been included, respectively (Gardiner et al.  2003 ; 
Misri et al.  2006 ). Whether the infant dose seems to be even lower for quetiapine 
than for olanzapine, it is remarkable that two of the six infants exposed to quetiapine 
(Misri et al.  2006 ) scored slightly below the normal range for mental and psycho-
motor development (82/82 and 84/91, respectively; normal range 85–115 for both 
subscales). However, as no quetiapine was found in breast milk in any of these 
cases, the low scores may well have been unrelated to the drug exposure. No untow-
ard effects have been suspected for olanzapine. For risperidone, infant exposure is 

    Table 15.3    Infant doses and plasma concentrations of second-generation antipsychotics and 
mood stabilizers after exposure via breast milk   

 Drug  Relative infant dose a  
 Absolute infant plasma 
concentration 

 Relative infant plasma 
concentration b  

 Second-generation antipsychotics 
 Aripiprazole  Up to 8.3 % c   NA d   NA d  
 Clozapine  1.2 %  NA d   NA d  
 Olanzapine  1–4 %  <LOD e,f   – f  
 Quetiapine  0.1–0.4 %  1.4 ng/ml  6 % 
 Risperidone  2–5 % g   <LOD e   – 
 Ziprasidone  1.2 %  <LOD e   – 
 Mood stabilizers 
 Lithium  Up to 40–80 %  Up to 0.7 mmol/l  Up to ~100 % 
 Carbamazepine  1–8 %  0.5–1.0 μg/ml h   10–40 % 
 Lamotrigine  Up to 20 %  0.8–1.6 μg/ml  20–50 % 
 Valproic acid  0.5–4 % i   0.5–2.0 μg/ml  4 % 

   a Infant daily dose per kg body weight expressed as a percentage of maternal daily dose per kg body 
weight. A value below 10 % is generally considered negligible 
  b Infant plasma concentration expressed either as a percentage of the measured maternal plasma 
concentration or as a percentage of what could be considered a low therapeutic concentration in 
adults 
  c Sum of aripiprazole and the active metabolite dehydroaripiprazole 
  d No data available 
  e Below the lower limit of detection for the analytical methods employed, which were mostly in the 
range of 1–5 ng/ml 
  f In one infant at one specifi c point of time the concentration was 40 % of the maternal concentra-
tion 
  g Sum of risperidone and the active metabolite 9-hydroxyrisperidone 
  h A concentration of 4.5 μg/mL, which is within the therapeutic range, has been reported in a single 
case 
  i Maximum 7 % in a single case  
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in the same range as for olanzapine and quetiapine, and no untoward effects have 
been reported. In a recent case study, we found that infant exposure to aripiprazole 
was higher than previously reported and also higher than for olanzapine, quetiapine, 
and risperidone (Nordeng et al.  2014a ). Although no adverse effects were observed 
in our case, others have reported that somnolence could occur (Hale  2014 ). Thus, 
we recommend that infants exposed to aripiprazole should be monitored for poten-
tial adverse effects including drowsiness, poor feeding, and sleeping pattern 
changes. For ziprasidone very little information exists; thus any specifi c advice can-
not be given. 

 In the counseling of mothers treated with second-generation antipsychotics in 
the postpartum period, an individualized risk/benefi t approach should be applied 
regardless of which drug is preferred. As stated above, most evidence of non-risk 
exists for olanzapine. However, with the exception of clozapine, no clear-cut evi-
dence of harmful effects exists for the other drugs either.  

15.3.3.3     Mood Stabilizers 

 For lithium, there have been two reports of toxicity in breastfed infants exposed 
via breast milk (for a review, see Spigset and Hägg  1998 ). In these infants, the 
plasma levels of lithium were 0.6 and 0.7 mmol/l, respectively. The infants pre-
sented with symptoms such as tremor and involuntary movements, and the high 
lithium concentrations were thought to be caused by decreased renal clearance due 
to dehydration during a common cold. Based upon these reports, lithium is often 
considered not compatible with breastfeeding. However, there are also studies sug-
gesting that lithium administration is not an absolute contraindication to breast-
feeding: Although the infant plasma levels regularly amount to 20–40 % of the 
maternal plasma concentration (Spigset and Hägg  1998 ; Viguera et al.  2007 ), most 
often no untoward effects have been observed. Therefore, if the mother has a 
strong desire to breastfeed and the infant is healthy, breastfeeding could be allowed. 
In these cases, however, the mother should be instructed to watch for symptoms of 
lithium toxicity in the infant, e.g., neuromuscular affection and feeding diffi cul-
ties, and be particularly observant during situations where the infant could become 
dehydrated (infections, vomiting, etc.). It might also be helpful to monitor infant 
plasma concentrations of lithium, creatinine, and possibly also thyroxin and thy-
roid-stimulating hormone. 

 For valproic acid and carbamazepine, infant exposure is generally low 
(Table  15.3 ). For carbamazepine there are a few reports on possible adverse effects 
in breastfed infants, including sedation and poor suckling. However, these reports 
are not clear-cut and cannot be viewed as conclusive evidence for a relationship 
(for a review, see Fortinguerra et al.  2009 ; Hägg and Spigset  2000 ). Carbamazepine 
is generally considered compatible with breastfeeding, but as the infant plasma 
concentrations of carbamazepine in some cases have been relatively high, it could 
be pertinent to observe the infant for drowsiness and poor suckling, particularly if 
the infant is premature or the mother is using combination therapy (Hale  2014 ; 
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Fortinguerra et al.  2009 ). For valproic acid, infant plasma levels after exposure via 
breast milk are considerably lower than the therapeutic plasma concentrations 
obtained in the treatment of seizures in infants and children (for a review, see 
Fortinguerra et al.  2009 ; Hägg and Spigset  2000 ). Thus, valproic acid is consid-
ered fully compatible with breastfeeding (Hale  2014 ; Fortinguerra et al.  2009 ). 
However, due to its teratogenic potential if the breastfeeding mother should 
become pregnant once again, it has been argued that valproic acid nevertheless is 
best avoided also in the postpartum period. Notably, recent recommendations from 
the European Medicines Agency (EMA) state that valproic acid should only be 
prescribed to women of fertile age if other treatments are ineffective or not toler-
ated and if so that the women should be advised to use effective contraception 
(EMA  2014 ). 

 Lamotrigine is excreted in breast milk to a relatively high extent, and there is a 
consistent fi nding across studies in mothers with epilepsy that the infant plasma 
concentrations amount to about 20 % of the maternal drug levels but in some cases 
up to 50 % (Hale  2014 ; Newport et al.  2008 ), i.e., levels where pharmacological 
effects cannot be excluded. Although more than 50 cases of exposed infants have 
been reported in the literature, infant adverse reactions have been reported in a sin-
gle case only. In this case, severe apnea was seen in a 16-day-old infant (Nordmo 
et al.  2009 ). Based upon these data, an individualized risk/benefi t approach should 
be applied, and, if breastfeeding is allowed, it would be advisable to monitor the 
infant for adverse effects such as sedation and poor suckling. Moreover, if adverse 
reactions are suspected, the infant plasma concentration of lamotrigine should be 
measured.  

15.3.3.4     Anxiolytics and Hypnotics 

 In general, benzodiazepines have long elimination half-lives, which are even longer 
in neonates than in adults. For diazepam (plus the active metabolite desmethyldia-
zepam), the relative infant dose ranges from 3 % to 14 %. Infant plasma concentra-
tions above 10 % of the maternal levels are regularly seen, and a certain percentage 
of exposed infants have been reported to have signs of central nervous system (CNS) 
affection such as sedation, lethargy, and lack of response to stimuli (Spigset and 
Hägg  1998 ; Hale  2014 ; Rubin et al.  2004 ; Kelly et al.  2012 ). Thus, diazepam in 
more than single doses is not considered compatible with breastfeeding. Oxazepam 
is excreted to a lower extent and is, although less studied, probably preferable to 
diazepam. However, also oxazepam has been associated with infant CNS affection 
and should, if allowed during breastfeeding, be used in the lowest possible dose and 
for the shortest possible time. Moreover, the infant should in such cases be observed 
for signs of CNS depression. If high doses and/or long-term treatment are required 
in young infants, breastfeeding should preferably be stopped. 

 When treatment with hypnotics is indicated during breastfeeding, we suggest 
that benzodiazepines with relatively long elimination half-lives, such as fl unitraze-
pam and nitrazepam, should be avoided due to the risk of accumulation in the infant. 

15 Safety of Psychotropic Drugs in Pregnancy and Breastfeeding



314

In contrast, zopiclone and zolpidem are more swiftly eliminated. Of these, zolpidem 
is, in contrast to zolpidem, completely cleared from the milk after 10 h, and as the 
mother should be asleep and not breastfeed during the fi rst hours after intake, infant 
exposure for zolpidem will be close to zero (Spigset and Hägg  1998 ). Although both 
zopiclone and zolpidem are often considered compatible with breastfeeding, we 
recommend zolpidem as the preferred choice.    

15.4     General Clinical Recommendations 

 A maternal mental disorder should be appropriately treated during pregnancy and in 
the postpartum period because untreated or inadequately treated disease will result 
in maternal suffering and could lead to poor compliance with prenatal and postnatal 
care, missed maternity checkups, and poor lifestyle (i.e., inappropriate nutrition, 
smoking, use of alcohol and illicit drugs), being potentially harmful both to the 
mother and the child. 

 The risk of relapse in pregnancy after discontinuation of psychotropic medica-
tion is high, ranging from 52 % among women with bipolar disorder (Viguera et al. 
 2000 ) to 68 % in women with major depression (Cohen et al.  2006 ). Psychotherapy 
is recommended as the treatment for mild to moderate mental disorders during preg-
nancy and should also be used complementary to pharmacotherapy. 

 Many women with moderate to severe mental illness will have to continue 
treatment with psychotropic drugs during pregnancy. The selection of a psychotro-
pic drug should be guided by the women’s prior treatment response bearing in 
mind the individual drug’s possible adverse effects on her pregnancy. Informing 
about the pros and cons of pharmacological treatment requires focus on risk com-
munication and documentation of decision processes. Doctors should be aware 
that women tend to overestimate the risks associated with the use of psychotropic 
drugs during pregnancy (Nordeng et al.  2010 ; Petersen et al.  2015 ) and that adher-
ence to prescribed psychotropic drugs often is low (Lupattelli et al.  2015 ). In a 
study among women in 18 countries, we found that low adherence in pregnancy 
was reported by 51 % of women using drugs for anxiety disorders during preg-
nancy, 47 % using drugs for depression, and 43 % using drugs for other mental 
disorders. The belief that the benefi t of pharmacotherapy outweighed the risks was 
positively correlated with higher medication adherence  (r  = 0.282;  p  < 0.001) 
(Lupattelli et al.  2015 ). 

 The metabolism of many psychotropic drugs increases during pregnancy. This 
effect is best documented and possibly also most pronounced for lamotrigine but is 
apparent also for antidepressants and antipsychotics. Also the renal clearance of 
lithium is increased in pregnancy, causing lower plasma concentrations than in non-
pregnant women. Thus, for psychotropic drugs in general, therapeutic drug moni-
toring is advised and it should be expected that the dosage has to be gradually 
increased during pregnancy. Monitoring should preferably start prior to pregnancy 
and be performed regularly throughout pregnancy. For lamotrigine a frequency of 
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every to every other month has been recommended (Pennel et al.  2008 ); for other 
drugs a frequency of at least every 2–3 months has been suggested, depending on 
the individual drug concentration measured. At delivery, the dosage should be low-
ered to that given before pregnancy. 

 Some psychotropic drugs can be safely given to breastfeeding mothers, but for 
other drugs, an individual risk-benefi t assessment has to be performed. Such an 
assessment should be based upon factors including infant age, the importance of 
breastfeeding for the mother, and the availability of alternative drugs with a more 
favorable risk profi le. When breastfeeding needs to be individually adapted, extra 
efforts from the doctor in terms of providing information to the mother and per-
forming follow-ups of the mother and infant are often required. Such a solution also 
presupposes that the mother is able to comply with the advices given.  

15.5     Future Directions for Research 

15.5.1     Pregnancy 

 Future research on the safety of psychotropic drugs in pregnancy should focus on 
prospective, longitudinal studies with suffi cient information on key confounding 
factors including maternal mental health and psychiatric diagnosis, as well as ade-
quate follow-up times to assess long-term outcomes in children. 

 The possibility of record linkage between large health databases and birth cohorts 
in Europe and North America has opened up for fast-track high-quality epidemio-
logical studies and will be important data sources for studies on drug safety in preg-
nancy in the future. International collaboration is also advancing and will not only 
allow replication of previous fi ndings but also pooling of data to investigate less 
frequently used medications and rare pregnancy outcomes that none of the individ-
ual research institutions would have adequate study power to examine alone. This 
possibility has already been explored among the fi ve Nordic countries linking 
national prescription databases and medical birth registries to study the risk of 
 stillbirth and infant mortality after prenatal exposure to SSRIs among more than 1.6 
million singleton pregnancies (Stephansson et al.  2013 ). 

 As the size of the data sources increases, alternative study designs, like the 
sibling- control design, can be applied to study medication safety in pregnancy 
(Brandlistuen et al.  2013 ). The sibling-control design offers important advantages 
over studies comparing unrelated individuals because siblings share familial envi-
ronment (e.g., maternal chronic disease) as well as on average 50 % of their 
genetic setup, but they may differ in medication exposure during pregnancy. In 
fact, it has been suggested that the sibling-control design may provide one of the 
most effective approaches to control for family factors when large cohorts with a 
suffi cient number of discordant siblings are available (Susser et al.  2010 ). In addi-
tion, use of advanced techniques in biostatistics, including directed acyclic graphs 
(DAGs), propensity score matching, and marginal structural models, will enable 
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us to control complex, time-varying exposures and confounding factors in drug 
safety studies in pregnancy to obtain estimates of effects that are less biased than 
traditional statistical methods, thereby giving us greater confi dence in the validity 
of the fi ndings. 

 At the same time, it is becoming increasingly clear to scientists, clinicians, and the 
public alike that the reproductive safety of medications cannot be assured without 
studying long-term consequences for the child. In the near future, large birth cohorts 
being followed into adolescence and even longer will enable such studies, thereby 
fi lling an important knowledge gap on medication safety (Nordeng et al.  2014b ). 

 Several birth cohorts are now also collecting biological samples of the mother 
and/or child (e.g., blood, urine, hair). Enabling linkage between epidemiological 
and biological data. Such data sources will be an extremely valuable data source in 
the future. It opens up for pharmacogenetic analyses, biomarker analyses, and toxi-
cology analyses and even for new research fi elds like human pharmacoepigenetics. 
Human studies have just started to emerge showing alterations in DNA methylation 
patterns after in utero exposure to medications and linking these alterations to neu-
robehavioral disorders (Soubry et al.  2011 ; Non et al.  2014 ; van Mil et al.  2014 ). 
These sparse human fi ndings must be replicated, but if proven correct, they will 
have profound consequences since it would imply that our current understanding of 
pharmacology is an oversimplifi cation.  

15.5.2     Lactation 

 Obviously, a single published case report has a limited value in the guidance of 
whether a woman treated with a drug could be allowed to breastfeed or not. However, 
also single case reports can be valuable if performed and reported properly. Preferably, 
repeated drug concentration measurements in milk during a full-dose interval should 
be carried out, and also maternal and infant plasma drug concentrations are of inter-
est. Moreover, thorough and repeated clinical examinations of the infant should be 
performed. Infant age is crucial and should be reported. If relevant, also active drug 
metabolites and the maternal and infant CYP genotypes should be included. 

 Far too often, published reports of possible untoward reactions in breastfed 
infants have severe methodological limitations. Most importantly, there is often not 
possible to separate potential drug effects from the infant’s normal state or from 
concurrent disease. In order to assess causality when an adverse effect is suspected 
in an exposed infant, analysis of the infant plasma concentration of the drug is cen-
tral. Moreover, a period without breastfeeding, i.e., when the mother pumps and 
discards milk, should be scheduled to observe whether the symptoms disappear. If 
breastfeeding later is resumed and the symptoms return, this would provide an even 
stronger indication of causality. 

 In order to further clarify the possible risks associated with drug exposure 
through breast milk, prospective studies with age-matched control groups and with 
systematic adverse effect ratings are clearly warranted. To date, only very few such 
studies have been performed for psychotropic drugs. Although it is a challenge to 
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collect such large clinical materials, it is feasible if suffi cient time, effort, and 
patience are put into the task.    
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