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Science seeks the truth. And it does not discriminate.
For better or worse it finds things out. Science is
humble. It knows what it knows and it knows what
it doesn’t know. It bases its conclusions and beliefs on
hard evidence - evidence that is constantly updated
and upgraded. It doesn’t get offended when new facts
come along. It embraces the body of knowledge.

Ricky Gervais



CONTENTS

ABBREVIATIONS ...t sassssssans 6
LIST OF ORIGINAL PUBLICATIONS ...ttt ssssssssssssssns 7
F N 2 0 2L O3 PP 8
INTRODUCTION ..o ieueeueesreesseesseesseesseesssesssesssesssesssesssesssessssesssesssesssesssesssesssessssesssssssesssesssesssesssesssessssssasesaes 10

REVIEW OF THE LITERATURE ...t ssssssssssssssssssssssssssssssssssssssssssanens
1 Pharmacotherapy .....eeesesnssneens
1.1 Adverse drug reactions and events
1.2 Drug-drug interactions ........ceeeseeenees
1.2.1 Interactions Of WarfaliN. ... e sssesssssessssssssessssessssessssssssssssees
2 PharmacoOgenetiCSs ... ssssans
2.1 CYP enzymes
2.1 1 CYPZDO coueereerereerseesseessseesssesssses s s ssssssssssssssssssssss st sssssssssssssssssesssses s s sssessssssess
212 CYPBAZ et eeseess s ss e s s s s bbb bR
2.2 Clinical pharmacogenetiCs ......oeeeseesseresesssessssessesssessseens
2.3 Venlafaxine metabolism and pharmacogenetics
2.4 Post-mortem pharmacogenetics .......eemeesneessseesanns
3 Epidemiology and public health......ccconureenneee
3.1 Pharmacovigilance and -epidemiology ....
3.2 SUDSEANCE ADUSE ...cveerreereeeerseesseesssessssessssesssssssssssssssssssssesssessanes
3.3 Post-mortem pharmacoepidemiology ...
3.3.1 DIUEZ LOXICITY ovrrruerirrcesseeeessesssessessesssessesssessesssssessssssessssssssssssssssssssssssssssssssssssssssssssssssasssans
3.3.2 Fatal toXiCItY INAEX..ueeeeessesesssssssesssesssessesssesssssssssssssssssssssssssssssssssssssssssssssssssns

AIMS OF THE STUDY sttt sss s sssssssssssssssssssssssssssssssssssssans 26

MATERIALS AND METHODS .....coieteeeeesesessssssssessssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssess
1 AULOPSY CASES wvueurerrenirseessessessssssssssssessssssessessses s ssses bbb
1.1 Samples .ocveenmeenmeerersreessenns
1.2 Post-mortem database....

2 Data refining......eeneeneeenens
2.1 SFINX coorerseerseersessssessssessssessssssssssssssssssssesns
2.2 Case selection Criteria ....eeeessneeens

3 Analysis methods ...
3.1 Analysis of acidic and neutral drugs
3.2 Metabolite analySiS. .. ssssssssssssssssssssssssssss st ssssssssssssssssssssssssssssssnsssnss

4 Genotyping
4.1 CYP2D6 allele activity scores, genotype classes and phenotypes.......ccoenmeenneens 30

RN = 5] Cor=Y I8 00 T=1 o (o 1 13T 31




RESULT S oot eteeetseetsreessseessseessseesssesssssssssesssssessssess st sssssessssessssessssessssessssessssessssessssssssssessssessssassssassasassssessssens
1 Prevalence of adverse drug combinations ......erereessseesseesssesesssesssessssseees
1.1 Drug combinations with a pharmacodynamic interaction mechanism ..
1.2 Drug combinations with a pharmacokinetic interaction mechanism.................
1.3 D@ath CEITIfICALES ..vuuureereeerreersreeesseessseesseesssesssssssssssssssessssssssssssssss s sssssses s s s s essssnsens
2 Concomitant use of warfarin and paracetamol
2.1 Post-mortem warfarin CONCENIIAtIONS ... eeeermeesssessssessssssssssssssessseessessssssssssssssssess
3 Venlafaxine findings and fatalities.....erremesneesssesssesssssssssssssesssessssessssessssssssssssans
3.1 Pharmacogenetics......essessenns
3.1.1 Allele and phenotype frequencies
3.1.2 CYP2D6 and venlafaxine metabolite ratios
B2 000 0 11=) 1 i U0 () 4 PPN
3.3 DU INTETACTIONS. coouieueeieeesrereesseeees et s bbb
3.4 Venlafaxine in comparison with other antidepressants
4 Nicotine in deceased young adults ...
4.1 Prevalence of Nnicotine findings .....cueeneneeneeneenesessesssssssssesssssssesssesssessssssssssseses
4.2 Nicotine and substance abuse
4.3 Nicotine and psychopharmaceutiCals .......ceeeeeneeessenseesseesssessesssesssesssesseess
4.4 Nicotine and manner of death ... ————

DISCUSSION .coieeeeereessseessseessseesssassssessssessssssssssess st ssessssssssessssesssses s s s ss s sssessssess st ssssssssssssassssens
1 Methodological considerations
1.1 The Finnish post-mortem toxicology database

1.2 Post-mortem pharmacology........cccceueees

1.3 Drug selection......inns

1.4 GENOLYPING cereueuereeurerreeeessesseessessesses s ss bbb bbb

2 Prevalence of adverse drug combinNations ........oeeeeeeesmesssmesssnssssssesssessssessssessssssssans

3 Safety of warfarin and paracetamol combination

4 VenlafaxXine tOXICITY ..urrrneenmeenerseessesseessess st ssssssssssssssessses s sssssssssssss s s sasssans

5 Nicotine and SUDSTANCE ADUSE ... eeereeeermeersseersessseesseesssssssssssssssssssssssssssessssessssessssessssesssans

L0008 1053 (0 PN 49
ACKNOWLEDGEMENTS ...ttt bbb bbb i sans 50

REFERENCES ..ot eessesssesssesssess s sesssess s sss s ss s sess st sess s sssssssssesssess st sesssesssssasesanes 52



ABBREVIATIONS

ADI adverse drug interaction

ADR adverse drug reaction

ADE adverse drug event

CNS central nervous system

Cl confidence interval

CYP cytochrome P450

CYP2D6 cytochrome P450 enzyme 2D6
CYP2D6 gene encoding CYP2D6

DDD defined daily dose

DDI drug-drug interaction

EM extensive metabolizer

FTI fatal toxicity index

GC gas chromatography

HEM heterozygous extensive metabolizer
HPDI highest posterior density interval
ICD-10 International Classification of Diseases, 10™ revision
IM intermediate metabolizer

INR international normalised ratio

LC liquid chromatography

LOD limit of detection

LOQ limit of quantification

MS mass spectrometry

NSAID non-steroidal anti-inflammatory drug
N-VEN N-desmethylvenlafaxine

O-VEN 0-desmethylvenlafaxine

PCR polymerase chain reaction

PM poor metabolizer

SFINX Swedish, Finnish, INteraction X-referencing
SNRI serotonin and norepinephrine reuptake inhibitor
SSRI selective serotonin reuptake inhibitor
TCA tricyclic antidepressant

TOF time-of-flight

UM ultra-rapid metabolizer

VEN venlafaxine

WHO World Health Organization



LIST OF ORIGINAL PUBLICATIONS

This thesis is based on the following articles, which are referred to in the text by

Roman numerals I-IV:

11

11

IV

Launiainen T, Vuori E, Ojanperd I. Prevalence of adverse drug
combinations in a large post-mortem toxicology database. Int ] Legal
Med 2009; 123:109-115.

Launiainen T, Sajantila A, Rasanen I, Vuori E, Ojanpera I. Adverse
interaction of warfarin and paracetamol: evidence from a post-
mortem study. Eur J Clin Pharmacol 2010; 66:97-103.

Launiainen T, Rasanen I, Vuori E, Ojanpera I. Fatal venlafaxine
poisonings are associated with a high prevalence of drug interactions.
Int ] Legal Med 2011; 125:349-358.

Launiainen T, Broms U, Keskitalo-Vuokko K, Pitkdniemi ], Pelander
A, Kaprio ], Ojanpera L. Nicotine, alcohol and drug findings in young
adults in a population-based post-mortem database. Nicotine Tob Res
2011; Published online 21 April DOI 10.1093 /ntr/ntr069.

Related electronic supplementary material is included in this thesis.

The original publications have been reproduced with the permission of the
copyright holders.



ABSTRACT

Multi-drug use increases the risk of drug-drug interactions, giving rise to an often
predictable and preventable subgroup of adverse drug reactions. Ageing of the
population and the growing number of available drugs emphasise the importance
and awareness of drug interactions in both clinical and forensic work. At its best post-
mortem forensic toxicology analysis produces high-quality data that can be used in
studies on pharmacoepidemiology and substance abuse. In this thesis, the data stored
in a comprehensive forensic toxicology database was combined with information from
death certificates, and a commercial drug interaction database was used to identify
interacting drugs. A new GC-MS method for routine screening of acidic and neutral
drugs was developed and additional metabolite and genotype analyses were performed
to complete the profile of selected cases. Previous inclusion of nicotine use markers in
routine urine analysis allowed the estimation of nicotine use prevalence in young adults
in the database and subsequent comparison of the nicotine and non-nicotine users

groups.

The incidence of drug combinations possessing serious adverse drug interactions was
generally low (0.71%), but it was notable for the two individually studied drugs, a
common anticoagulantwarfarin (33%) and anew-generation antidepressant venlafaxine
(46%). Serotonin toxicity and adverse cardiovascular effects were the most prominent
possible adverse outcomes. However, the specific role of the suspected adverse drug
combinations was rarely recognized in the death certificates. The frequency of bleeding
was found to be elevated when paracetamol and warfarin were used concomitantly.
The contraindicated use of non-steroidal anti-inflammatory drugs along with warfarin
therapy was rare. Pharmacogenetic factors did not play a major role in fatalities related
to venlafaxine, but the presence of interacting drugs was more common in cases showing
high venlafaxine concentrations. Venlafaxine was used in suicides more often than SSRIs
or mirtazapine. Nicotine findings in deceased young adults were roughly three times
more prevalent than the estimated smoking frequency in those still alive. A majority of
substance abusers and users of psychopharmaceutical drugs had also used nicotine. No
difference in the proportion of suicides was observed between nicotine users and non-
nicotine users, but there were fewer natural deaths in the nicotine users group.

The possibility of drug interactions and pharmacogenetic issues should be taken into
account in cause-of-death investigations, especially in unclear cases, suspected medical



malpractice, and cases where toxicological findings are scarce. Electronic databases make
iteasier to handle the steadily growing volume of drug interaction data. A sufficiently high
autopsy frequency and broad-spectrum post-mortem toxicology were the prerequisites
for gathering comprehensive data that can also be used in epidemiological studies to
promote drug safety and public health.



INTRODUCTION

Sales and use of drugs are on the increase worldwide as populations are ageing in many
developed countriesand new drugs are constantly emerging. Simultaneous use of multiple
drugs is daily life for many patients and elderly people. Multi-drug use predisposes to
adverse druginteractions, a problem that could often have been avoided beforehand with
appropriate prescribing. However, evaluation and control of an individual’s prescription
drugassortment can be challenging due to scattering of medical and prescription records,
while self-reported inventories may also be incomplete. Even patients under hospital
care may be treated with adverse drug combinations, and use of over-the-counter drugs
further complicates assessment of the risk of interactions. Fortunately, the vast amount
of research data about non-recommended drug combinations has now been assembled
in compact form within interaction databases that can be easily browsed by health care
professionals.

Prescription drugs with abuse potential, such as opioids and benzodiazepines, are being
increasingly distributed and abused along with illicit drugs. Furthermore, abusers might
not even be aware of the real contents of the preparation they are taking. Besides illicit
substances, tobacco and alcohol dependence are known to be interconnected with
mental health problems and increased mortality. Interviews, surveys and questionnaires
might not give a realistic view of substance abuse problems due to poor participation
and reliability.

Post-mortem pharmacoepidemiology can be used to promote drug safety and public
health. It allows problems in prescribing practices, drug use and trends in substance
abuse to be detected. Advances in analysis methods are leading to more comprehensive
screenings with lower limits of detection and subsequently to an ever increasing
number of toxicological findings. New drugs and multi-drug use pose challenges for the
interpretation of the forensic toxicology results. The general purpose of this thesis is to
explore the information stored in the post-mortem toxicology database, together with
added new experimental analytical and pharmacogenetic data on specific substances
(warfarin, venlafaxine). The findings are expected to provide a better understanding
of drug use practices and to highlight the role of drug interactions in cause-of-death
investigations.
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REVIEW OF THE LITERATURE

1 Pharmacotherapy

There is no such thing as a potent and safe drug. Besides the expected outcome, a
drug that has a desired effect on the body is also able to introduce adverse effects. The
outcome of drug therapy is influenced not just by appropriate choice of drug and dosage,
but also by numerous other factors like compliance, adherence, external factors (e.g.
diet, other drugs, alcohol and smoking), diseases (e.g. liver, kidney and heart conditions)
and genetic variations in response to drugs (pharmacogenetics). It has been estimated
that only half of patients take their drugs as prescribed (Evans and Spelman 1983).
Patients may not purchase or take their drugs, or they might discontinue their use. On
the other hand, people use drugs that are not prescribed for them: in a survey conducted
in the United States, every fourth responder admitted to borrowing or sharing their
prescription medication (Petersen et al. 2008). Prescription drugs might also be used
concomitantly with over-the-counter drugs or drugs from previous therapies without
consulting a pharmacist or a doctor. Furthermore, the use of herbal or complementary
products is considered ‘natural’ and safe and is seldom reported to the prescribing
doctor or in the medical records (Eisenberg et al. 1993; Cohen et al. 2002). Prescription
drugs are also widely abused (Zarocostas 2007) and they can be used to enhance the
effect of illicit drugs (Vuori et al. 2003).

1.1 Adverse drug reactions and events

According to the World Health Organization (WHO), adverse drug reaction (ADR) is
defined as an unintended response to a drug occurring at a conventional dose used for
disease in prophylaxis, diagnosis, therapy or for modification of physiological functions.
This definition excludes therapeutic failures, non-compliance and intentional or
accidental poisonings (WHO, factsheet N°293). The term adverse drug event (ADE) can
be defined as ADRs and/or events caused by medication errors (Bates etal. 1993). ADRs
are commonly divided into type A and type B reactions (Pirmohamed et al. 1998). Type
A reactions are related to the pharmacological effect of the drug, and are dose-related,
predictable, common and less serious, while Type B reactions are unexpected, bizarre,
non-dose-related, rare and more serious and are often due to hypersensitivity reactions.
ADRs have been further categorised as dose-related accumulation reactions (C), delayed
reactions (D), withdrawal reactions (E) and unexpected failure of therapy (F) (Edwards
and Aronson 2000). The definitions enable national ADR data to be gathered for the
ADR report database of the Uppsala Monitoring Centre (UMC) from member countries
of WHO’s International Drug Monitoring Programme.
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ADRs are a notable cause of morbidity and mortality. Besides the harm experienced by
individuals, ADRs result in significant costs to society. Recent systematic reviews have
estimated that approximately 5% of hospital admissions are related to ADEs and elderly
people in particular have a high risk of ADEs and hospitalisation as they often use several
prescription drugs simultaneously and have multiple diseases (Beijer and de Blaey
2002; Kongkaew et al. 2008). The most commonly observed ADRs are gastrointestinal
lesions and bleeding, central nervous system (CNS) bleeding and other bleeding, renal
dysfunction and cardiovascular disorders (Pirmohamed et al. 2004; Wester et al. 2008).
Although most ADRs are relatively mild, fatal ADRs do occur. A prospective Scandinavian
study of patients of internal medicine resulted in a fatal ADE incidence of 9.5 per 1000
hospitalised patients (Ebbesen et al. 2001). A large meta-analysis conducted in the
United States and a single Finnish hospital study found fatal ADR frequencies of 4.6%
and 5%, respectively, in deceased hospitalised patients (Lazarou et al. 1998; Juntti-
Patinen and Neuvonen 2002). In Swedish post-mortem studies approximately 3% of
all deaths were assigned to fatal ADRs (Wester et al. 2008), and 1% of the deaths in
a Swedish population were considered to have been caused by suspected fatal ADRs
and fatal poisonings that could have been prevented (Jonsson et al. 2010). The drugs
most commonly implicated in fatal ADRs are antithrombotic drugs, non-steroidal anti-
inflammatory drugs (NSAIDs), antidepressants and cardiovascular drugs (Wester et al.
2008).

1.2 Drug-drug interactions

Multi-drug use is a well recognized and growing problem that poses a challenge in the
treatment of the elderly and patients with long-term illnesses (Lampela et al. 2007;
Hovstadius et al. 2010). It predisposes to adverse drug interactions (ADIs), which are
a significant but often predictable and avoidable class of ADRs (Mozayani and Raymon
2003; Baxter 2005). A drug-drug interaction (DDI) can sometimes be beneficial, e.g.
penicillin can be administered together with probenecid, which inhibits the renal
excretion of the antibiotic and thus extends its half-life in plasma (Kampffmeyer et al.
1975). Most of the known DDIs are harmful and can lead not only to unwanted and even
toxic reactions but also to loss of therapeutic effect. These latter interactions are harder
to detect because the lack of efficacy can be explained by other factors such as poor
compliance. In a study conducted among elderly outpatients, the risk of a subtherapeutic
effect as a potential DDI was as common as the risk of noxious reactions (Bjéorkman et al.
2002). Besides drugs, important interactions may occur with other pharmacologically
active agents such as alcohol and nicotine (Koski et al. 2003; Koski et al. 2005a; Koski et
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(S)-warfarin (R)-warfarin

© ©

Vitamin K reductase (VKORC1)

Vitamin K epoxide Vitamin K

(oxidized) Vitamin K (reduced)
cycle

y—glutamyl carboxylase

. . Precursors of clotting factors
Active clotting factors IL, VII, IX, X

II, VIL, IX, X

Figure 1. Metabolism and site of action of warfarin (modified from Schwartz and Stein 2006). Warfarin
prevents the recycling of vitamin K by inhibiting vitamin K reductase. Vitamin K is a co-substrate
needed for the y-carboxylation-mediated activation of clotting factors, and inhibition by warfarin
leads to anticoagulation. Warfarin is administered as a racemic mixture: the (S)-enantiomer is more
potent than the (R)-enantiomer and they are metabolized by different enzymes.
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al. 2005b; Kroon 2007). The prevalence of different ADIs has been studied in hospital
and pharmacy records and in spontaneous reporting databases (Peng et al. 2003; Chen
et al. 2005; Astrand et al. 2006; Strandell et al. 2008). Studies done with post-mortem
material are rather scarce and involve limited numbers of cases and/or drugs (Neuvonen
et al. 1993; Preskorn and Baker 1997; Rogde et al. 1999; Preskorn 2002; Vuori et al.
2003). No systematic post-mortem surveys have so far been conducted.

ADIs can have either a pharmacokinetic or a pharmacodynamic mechanism, and some
drug combinations possess both. A pharmacokineticinteraction canlead to concentration
changes (increase or decrease) by altering the absorption, protein binding, distribution,
metabolism or excretion of the drug. In a pharmacodynamic interaction the effect of
the drug is changed by the presence of another drug. This can occur at receptor level or,
more indirectly, involve interference with physiological mechanisms. Besides additive
or synergistic effects and combined toxicity, antagonistic or opposing effects are also
possible. Drug metabolism can be affected by inhibition or induction of the metabolizing
enzymes. Inhibition can manifest itself fast as it blocks existing enzyme molecules. This
can lead to elevated substrate concentration, or in the case of a pro-drug, to decreased
production of an effective metabolite. The effect of induction of gene expression
becomes evident (and disappears) more slowly as it requires production of new enzyme
molecules. Induction can lead to a decrease in substrate concentration and subsequently
to an insufficient therapeutic effect, but also to an increase in the concentration of
effective metabolite from a pro-drug.

1.2.1 Interactions of warfarin

Warfarin (Marevan®) is a good example of a widely used drug possessing a large amount
of possible clinically important ADIs by several mechanisms (Seymour and Routledge
1998; Holbrook et al. 2005). Warfarin is an oral anticoagulant that exerts its effect by
lowering the amount of active vitamin K available for the activation of clotting factors II,
VII, IX and X (Figure 1). It is used to control blood coagulation in numerous conditions
such as chronic atrial fibrillation, prosthetic heart valves, venous thromboembolisms
and coronary artery disease (Hirsh et al. 2001). Too little anticoagulation can lead to
thrombosis and too much anticoagulation to bleeding. Bleeding tendency is also affected
by risk factors such as diet, advanced age, liver failure, smoking and alcohol consumption
(Delaney et al. 2007; Shalansky et al. 2007). The dose required to obtain suitable
anticoagulation is highly patient-specific and requires monitoring of the international
normalised ratio (INR) value, which is calculated from the time of clot formation in vitro.
The therapeutic range of warfarin is narrow (1-3 mg/1 for plasma) (Schulz and Schmoldt
2003) and the target INR value for most clinical indications is 2.0-3.0 (Hirsh et al. 2001).

14



Table 1. Examples of clinically significant drug-drug interactions of warfarin

Interaction type  Interacting drugs Probable mechanism Effect on anticoagulation
Kinetic Cholestyramine  Impaired absorption,
Cholestipol increased elimination Reduction
Carbamazepine
Phenytoin Induction of metabolism Reduction
Primidone
Rifampicin
Amiodarone
Fluconazole Inhibition of metabolism Increase
Metronidazole
Dynamic NSAIDs Additive effect Increase
Acetylsalicylic acid
Vitamin K Antagonism Reduction

(Modified from Seymor and Routledge 1998)

Concurrent use of interacting drugs has been reported to result in a 3-4.5 times higher
risk of bleeding (Gasse et al. 2005). Examples of interactions with commonly used drugs
are listed in Table 1. The metabolism of warfarin can be inhibited and induced, and drugs
like acetylsalicylic acid and NSAIDs can affect the haemostasis by impairing platelet
function. Warfarin is also extensively (97%) bound to albumin (Osselton et al. 1980)
and is thus susceptible to changes in the concentration of free drug in the plasma, e.g. in
the case of competitive binding by another drug, but this mechanism is not considered
to be of clinical significance (Hersh et al. 2007). Dietary vitamin K and complementary
and alternative medicine products can also interfere with warfarin therapy (Greenblatt
and von Moltke 2005; Shalansky et al. 2007).

NSAIDs and acetylsalicylic acid are not recommended to be used concomitantly with
warfarin, but as over-the-counter drugs they are easily available and their concomitant
use is hard to prevent or study without software-based electronic warning systems in
pharmacies (Heikkild et al. 2006). Few reports of possible adverse tramadol-warfarin
interaction cases have been published (Scher et al. 1997; Sabbe et al. 1998; Hedenmalm
et al. 2004; Dumo and Kielbasa 2006). Tramadol is a common analgesic available on
prescription in Finland. It acts as a partial p-opioid receptor agonist but also inhibits
reuptake of noradrenalin and serotonin, and the latter property might impair platelet
aggregation and increase the risk of bleeding (de Abajo et al. 1999; Dalton et al. 2003).

15



Paracetamol (acetaminophen) is the first-line drug for pain relief for warfarinized
patients (Toes et al. 2005). The presumed safety of this drug combination has been
challenged after numerous publications of ADRs and increases in INR values (Hylek et
al. 1998; Whyte et al. 2000; Andrews 2002; Gebauer et al. 2003; Mahe et al. 2005; Ornetti
et al. 2005; Mahe et al. 2006; Parra et al. 2007). The interaction mechanism remains
unclear although several candidates have been proposed (Lehmann 2000; Whyte et al.
2000; Gebauer et al. 2003; Thijssen et al. 2004). Conversely, some studies have shown
paracetamol to have no enhancing effect on anticoagulation by warfarin (Kwan et al.
1999; Gadisseur et al. 2003).

2 Pharmacogenetics

Genetic variations caused by inherited differences in nucleotide sequences in DNA
contribute to interindividual differences in the response to drugs. Variation in the
genes encoding the proteins involved in drug response, e.g. enzymes, transporters and
receptors, can affect adsorption, distribution, metabolism and elimination by producing
a functionally altered protein or a change in the amount of the protein. Genotypic
variations in enzyme-coding genes result in differences in phenotypic enzyme activity.
These phenotypic profiles can be categorized as poor metabolizer (PM), intermediate
metabolizer (IM), extensive metabolizer (EM) and ultra-rapid metabolizer (UM) (Zanger
et al. 2004) (See Table 2 for details). Another category termed heterozygous extensive
metabolizer (HEM) has been introduced to describe EMs carrying one active and one

inactive allele (Hermann et al. 2008).

2.1 CYP enzymes

Xenobiotic metabolism, which includes drug metabolism, protects the body against the
potentially harmful effects of foreign compounds. The reactions used to accomplish
this task by increasing the water solubility of the substrates can be divided into

Table 2. Classification of phenotypes based on genotypes and their predicted clinical outcomes

Phenotype Genotype Enzyme activity  Substrate Therapeutic response
Poor metabolizer (PM) OOdor i None Active parent drug Excessive
Prodrug Failure
Intermediate metabolizer (IM) [J[Jor (JJ Reduced Active parent drug Excessive
Prodrug Reduced
Extensive metabolizer (EM) COor Mo Normal Active parent drug Expected
[ 1 ] Prodrug Expected
Ultarapid metabolizer (UM) HEN o B Excessive Active parent drug Failure
Prodrug Excessive
it whole gene deletion [ partially active allele EJ increased activity allele
[ inactive allele Il active allele

(Modified from Zanger et al. 2004 and Pilgrim et al. 2010b)
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phase I and phase II reactions. In phase I reactions (oxidation, reduction, hydrolysis)
the functional groups of the substrate are modified, and in phase Il reactions the
compound is conjugated with highly polar endogenous agents such as glucuronic acid.
The superfamily of cytochrome P450 (CYP) enzymes is the most important metabolic
system of phase I metabolism (Danielson 2002). CYP enzymes are expressed mainly
in the liver, but also in extra-hepatic tissues such as the mucosa of the small intestine,
kidney, brain and lung (Krishna and Klotz 1994). So far, 57 human CYP isoenzymes have
been detected and classified into 18 families (Nelson 2009). Besides being remarkably
polymorphic genes, CYPs also show interethnic variation (Bradford 2002; Home Page of
the Human Cytochrome P450 (CYP) Allele Nomenclature Committee 2008).

Table 3. Examples of substrates and inhibitors of CYP2D6

Substrates

Analgesics, antitussives
Codeine, dextromethophan, ethylmorphine,

oxycodone, tramadol Inhibitors

Antiarrhythmics Antiarrhythmics

Flecainide, mexiletine, procainamide, propafenone Flecainide, propafenone, quinidine
Antidepressants Antidepressants

Amitriptyline, doxepin, fluoxetine, fluvoxamine, Amitriptyline, bupropion, doxepin,
imipramine, maprotiline, mianserin, nortriptyline, fluoxetine, nortriptyline, paroxetine,
paroxetine, venlafaxine reboxetine, sertraline, trimipra
Antiemetics Antifungal

Ondansetron, tropisetron Tebinafine

Antiestrogen Antimalarial

Tamoxifen Chloroquine, primaquine

Antipsychotics Antipsychotics

Haloperidol, perphenazine, risperidone, thioridazine, Haloperidol, levomepromazine,
perphenazine, thioridazine

zuclopenthixol

f-blockers

Metoprolol, propranolol, timolol Inducers

Stimulant None described

MDMA (Ecstasy)

(Rendic 2002; SFINX 2009)
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2.1.1 CYP2D6

CYP2D6 is responsible for the metabolism of many commonly used drugs including
opioid analgesics, antidepressants, neuroleptics, [-blockers and antiarrhythmics
(Ingelman-Sundberg 2005) (Table 3). CYP2D6 is highly polymorphic; more than 70
different alleles have been reported, and the variants include copy number variations,
single nucleotide substitutions and frameshift, insertion and deletion mutations (Home
Page of the Human Cytochrome P450 (CYP) Allele Nomenclature Committee 2008). The
geneticvariation of CYP2D6 has considerable phenotypic effects (Kirchheiner etal. 2004).
There are several known CYP2D6-inhibiting drugs, but unlike other drug-metabolizing
CYPs, no inducers have been described for CYP2D6 (Table 3). Based on population
genotyping studies it has been estimated that 5-10% of the European population are
PMs (Bradford 2002; Ingelman-Sundberg et al. 2005; Sistonen et al. 2009) and ~3%
are UMs (Dahl et al. 1995; Sachse et al. 1997; Sistonen et al. 2007). However, there are
indications that genotyping for duplicated alleles explains only a fraction (10-30%) of
the UM phenotypes in Caucasians (Lgvlie et al. 2001).

2.1.2 CYP3A4

CYP3A4 is the most abundant P450 isoenzyme in the liver and has the widest range
of substrates, including prescription drugs and endogenous substrates such as steroid
hormones (Shimada et al. 1994; Guengerich 1999; Anzenbacher and Anzerbacherova
2001). Thus numerous drug interactions are CYP3A4 related (Rendic 2002).
Furthermore, the CYP3A4 activity of the intestinal wall can be down-regulated by diet
constituents such as grapefruit juice, the interaction leading to an increase in the oral
bioavailability of substrate drugs (Bailey et al. 1991; Lown et al. 1997). Initially CYP344
was thought not to be influenced by polymorphisms, but recent studies have shown
otherwise (Keshava et al. 2004). However, CYP3A4 expression has been observed to
demonstrate great interindividual variation that has not been successfully explained by
common CYP34A variants (Lamba et al. 2002; Lamba et al. 2010).

2.2 Clinical pharmacogenetics

Predicting phenotype from genotype provides a way of optimising drug dose for each
patient and for identifying patients that have a specific risk of suffering adverse drug
effects or therapeutic failure. The traditional classification of phenotypes and the
expected therapeutic outcomes of drug therapy are summarized in Table 2. Translation
of genotype data into phenotype data is still challenging for several reasons (Gaedigk et
al. 2008). Usually only the PM phenotype represents a separate subgroup as substantial
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overlap exists between other phenotype groups (Zanger et al. 2004). Drugs may also
have complementary metabolic pathways preventing accumulation. Furthermore, the
apparent phenotype can be altered by co-medication possessing pharmacokinetic
interactions; inhibitors can lead to mimicking of the PM phenotype, and inductors can
accelerate the metabolism towards that of UMs.

Clinically important polymorphisms are seen, e.g. with genes coding for CYP2D6,
CYP2C9 and CYP2C19 (Johansson and Ingelman-Sundberg 2010). CYP2D6 catalyzes the
activation reaction of tamoxifen, a pro-drug used in breast cancer therapy. An alternative
therapy can be considered for a predicted PM or IM who would not benefit much from
this drug therapy (Goetz et al. 2008). CYP2D6 and CYP2C19 have been shown to affect
the pharmacokinetics of many commonly used antidepressants and antipsychotic drugs,
and drug-specific guidelines are available for dose adjustments (Kirchheiner et al. 2004).

The genetic factors affecting the dose of warfarin required for optimal anticoagulation
include variation at CYP2C9 and the warfarin target receptor (VKOR) gene VKORC1, but
it has been estimated that together they account for only 35% of the variance in the
dose (Au and Rettie 2008). Although algorithms have been generated for estimating the
suitable individual warfarin dosage (Gage et al. 2008), predictive genetic testing does

not obviate the need for INR follow-ups and patient guidance.

Myopathy is a plasma concentration-dependent ADR of the widely used lipid-lowering
drugs called statins. A common genetic variant of the SLCO1B1 gene, which encodes a
transporter mediating the hepaticintake of statins, can have a profound and statin-specific
effect on the pharmacokinetics and, at worst, the increase in plasma concentration can
lead to life-threatening rhabdomyolysis. In order to reduce this risk, genotype-specific
recommended maximum doses are now available for each statin (Niemi 2010).

2.3 Venlafaxine metabolism and pharmacogenetics

Venlafaxine (Efexor®) (VEN) is anew generation antidepressant thatinhibits the reuptake
of serotonin, noradrenalin, and to a lesser degree dopamine (Holliday and Benfield
1995). It is metabolized mainly to its active metabolite O-desmethylvenlafaxine (O-VEN)
by CYP2D6 (Figure 2). CYP3A4 (and possibly CYP2C19 and CYP2C9) catalyzes the
demethylation of venlafaxine to its minor metabolite N-desmethylvenlafaxine (N-VEN)
(Otton et al. 1996; Fogelman et al. 1999). Both metabolites are further demethylated to
N,0-venlafaxine (Ereshefsky and Dugan 2000). Besides the parent drug, only O-VEN has
been shown to have similar pharmacological activity to the parent drug. Recently O-VEN
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Figure 2. Outline of venlafaxine phase I metabolism (modified from Ereshefsky and Dugan 2000).
The parent drug and metabolites are excreted predominantly in urine (free or conjugated) in
the following proportions: 1-10% unchanged drug, 30% O-desmethylvenlafaxine, 6-19% N,O-
desmethylvenlafaxine and 1% N-desmethylvenlafaxine. The half-life of venlafaxine in plasma is 4 h
and of O-desmethylvenlafaxine 10 h (Moffat et al. 2004).

has been introduced onto the pharmaceutical market as a distinct formulation (Pristiq®,
desvenlafaxine) (Deecher et al. 2006; Preskorn et al. 2009), but the clinical benefits of
this metabolite drug have not convinced all researchers (Sopko et al. 2008). Venlafaxine
is administered as a racemic mixture; the S(-)-enantiomer inhibits both noradrenalin
and serotonin uptake, while the R(+)-enantiomer inhibits primarily serotonin uptake
(Holliday and Benfield 1995). CYP2D6 has been shown to exhibit stereoselectivity
towards the R(+)-enantiomer (Eap etal. 2003). A correlation between CYPZD6 genotype
and the metabolic ratio of VEN to O-VEN has been observed in several clinical studies
(van der Weide et al. 2005; Whyte et al. 2006; Preskorn et al. 2009).
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In a study of psychiatric patients whose medication was primarily dependent on CYP2D6
mediated metabolism, the number of ADRs was observed to be higher and the duration
of hospitalization longer in patients exhibiting PM phenotype (Chou et al. 2000). More
specifically, it has been proposed that PMs could be more susceptible to ADRs caused by
VEN (Lessard et al. 2001; Langford et al. 2002; Shams et al. 2006). Reports have been
published of cardiac toxicity (Howell et al. 2007; Megarbane et al. 2007; Bosse et al.
2008), hyponatremia (Egger et al. 2006; Roxanas et al. 2007), serotonin syndrome and
seizures (Whyte et al. 2003; Kelly et al. 2004) and rhabdomyolysis (Wilson et al. 2007).
ADRs have been found to lead to a higher risk of discontinuation of VEN drug therapy
(Stahl etal. 2005; Gartlehner et al. 2008; Weinmann et al. 2008). UM status has also been
connected with an increased incidence of therapeutic failure (Kawanishi et al. 2004).
PMs are not affected by inhibitors of CYP2D6, but they might be more susceptible to
inhibition or induction of the normally minor pathway via CYP3A4 (Ereshefsky and
Dugan 2000).

2.4 Post-mortem pharmacogenetics

In 1999 it was shown that CYP genotyping was possible in post-mortem blood material
(Druid etal. 1999), and since then pharmacogenetics has successfully been used in cause-
of-death investigations. Poor drug metabolism can lead to accumulation of the drug or
even fatal intoxications, as illustrated by the case of a nine-year-old boy who died of
fluoxetine intoxication. The cause-of-death examination revealed a completely defective
CYP2D6 genotype, resulting in compromised ability to metabolise fluoxetine, a CYP2D6
substrate (Sallee et al. 2000). In addition the child was prescribed an increasing dose of
fluoxetine despite a long period of symptoms of toxicity. A defective CYP2D6 genotype
has also been associated with a fatal doxepin poisoning (Koski et al. 2007a). In contrast
to these cases, two studies of fatal drug intoxications reported underrepresentation of
PMs (Holmgren et al. 2004; Zackrisson et al. 2004). In the case of a pro-drug, ultra-
rapid metabolism can lead to accumulation of the active compound, and reports of
accumulation of morphine after administration of codeine have been published (Gasche
etal. 2004; Koren et al. 2006).

Post-mortem sample material has been used to show a correlation between genotype
and phenotype, i.e. parent drug to metabolite ratios, even in the presence of other
possible confounding factors such as multi-drug use (Levo et al. 2003; Koski et al. 2006).
Post-mortem pharmacogenetics is not limited to drug metabolism, and some fatalities
might be explained by mutations in the long QT syndrome genes that predispose to
cardiac arrhythmia (Lunetta et al. 2003). Despite the available analysis methods and
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the intriguing cases published so far, post-mortem pharmacogenetics is not yet widely
utilized in cause-of-death investigations (Sajantila et al. 2010).

3 Epidemiology and public health

3.1 Pharmacovigilance and -epidemiology

Pharmacovigilance is defined as the science and activities relating to the detection,
assessment, understanding and prevention of adverse effects or any other drug-
related problem (WHO). It is a known fact that rare or delayed adverse effects
seldom manifest themselves in the small population of healthy young volunteers
who participate in the relatively short clinical testing periods of new drugs (Amery
and ISPE 1999). Consequently, new drugs may be withdrawn from the market after
accumulation of data on ADRs, as happened recently with rofecoxib (Vioxx®) (Bottone
and Barry 2009). Pharmacoepidemiology may be defined as the non-experimental
study of the use and effects of drugs in large numbers of people. Pharmacovigilance
and pharmacoepidemiology will never succeed in preventing ADRs but they do provide
an effective means of detecting them, at the same time educating both health care
professionals and the public, which, it is hoped, will lead to better use of medication.
Successful examples of improved drug safety include tightened prescription regulations
for dextropropoxyphene (Abalgin®) after related fatalities (Smith et al. 1979) and
replacement of barbiturates by the less hazardous benzodiazepines (Stead et al. 1981;
Osselton et al. 1984).

The burden of ADRs and ADEs to society is hard to estimate. Spontaneous reporting
databases suffer from underreporting of ADRs (Heeley et al. 2001; Jonsson et al. 2006;
Narum et al. 2011) and incidence data is mostly available from hospitalized patients
(Lazarou et al. 1998). Even in clinical settings ADRs are difficult to identify, and it has
been reported that elderly patients might ignore ADRs, considering them to be an
unavoidable part of normal ageing (Lampela et al. 2007). The incidence of ADIs is even
harder to estimate, and cases where the outcome is therapeutic failure are particularly
hard to recognise. The use of contraindicated drug combinations may sometimes be
a justified and calculated procedure offset by dose adjustments or close monitoring.
Furthermore, not everyone who uses a potentially adverse drug combination suffers an
adverse reaction, and it is difficult to predict which patients will ultimately experience
an adverse outcome (Seymour and Routledge 1998). Clinical studies have evaluated
the nature and prevalence of ADIs by extracting overlappings in prescription databases
(Peng et al. 2003; Chen et al. 2005; Astrand et al. 2006; Heikkila et al. 2006) or co-
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reporting in ADR report databases (Strandell et al. 2008; Strandell and Wahlin 2011).
Electronic druginteraction databases and software have been created to help health care
professionals avoid erroneous prescriptions and to manage the constantly accumulating
data on drug interactions (Gronroos et al. 1997; Indermitte et al. 2007; Strandell et al.
2008).

3.2 Substance abuse

Substance abuse is usually considered to involve alcohol and illicit drugs, but many
prescription drugs are also abused (Zarocostas 2007). Prescription drugs are easily
accessed through “doctor shopping” or over-prescribing or by diverting substitution
treatments, and these drugs are considered to be safer than street drugs. The monitoring
and prevention of this abuse is difficult (Mounteney and Haugland 2009), but there is
a clear demand for studying this phenomenon as it has been estimated that abuse of
prescription drugs could soon exceed that of illicit narcotics (Zarocostas 2007). Post-
mortem toxicology analysis results combined with sufficient background data could
offer a way to profile this abuse scene.

It can be presumed that individuals with substance abuse problems participate poorly
in population-based surveys such as self-reporting questionnaires or interviews.
Unconventional approaches can be applied to overcome the problem of poor
participation: for example, illicit drug use can be detected and estimated in municipal
wastewater (Zuccato et al. 2008). Biomarkers can be used to validate the response
of participants who tend to underreport their use. For example, levels of cotinine, a
major metabolite of nicotine, can be measured to differentiate between smokers and
non-smokers (Vartiainen et al. 2002). Besides related long-term health issues, nicotine
and alcohol dependence have been shown to aggregate in the same users and to be
highly co-morbid (Istvan and Matarazzo 1984; Li et al. 2007). Furthermore, there is
evidence that smoking, illicit drug use, mental disorders and increased risk of suicide
are interconnected (Hughes 2008; Sihvola et al. 2008; Berlin et al. 2010). Drug-related
harm has been evaluated by scoring the harm not only to the user but also to others
(Nutt et al. 2010). In this multicriteria decision analysis, alcohol was considered to
be the most harmful drug and tobacco was ranked sixth after heroin, crack cocaine,
methamphetamine and cocaine in the United Kingdom (Nutt et al. 2010).

3.3 Post-mortem pharmacoepidemiology
Unlike in most clinical studies, post-mortem toxicology data is based on the actual
measurements of medicines in blood or other biological specimens and is usually

23



accompanied by other laboratory results for abused substances. Post-mortem toxicology
produces reliable and up-to-date information on drug poisoning statistics (Vuori et al.
2009) and substance abuse, such as new trends in drug abuse (Ojanpera et al. 2008)
and the effects of alcohol sales on mortality (Poikolainen et al. 2002; Koski et al. 2007b).
Multiple findings of legal drugs, illicit drugs and alcohol(s) are typical of post-mortem
cases (Vuori et al. 2009). This makes interpretation of the results challenging, but also
allows studies that could not be conducted in clinical settings, portraying the reality
often faced in drug therapy. The relative toxicity of co-administering commonly used
drugs like benzodiazepines or antidepressants with ethanol has been evaluated in
post-mortem material (Koski et al. 2002; Koski et al. 2003; Koski et al. 2005a, Koski
et al. 2005b). In addition, post-mortem toxicology produces data on therapeutic and
fatal concentrations of different drugs in blood; compilations have been published from
concentrations measured in post-mortem cases (Stead and Moffat 1983; Druid and
Holmgren 1997; TIAFT 2004; Reis et al. 2007).

3.3.1 Drug toxicity

In animal experiments, the conventional way to study acute lethal toxicity is to measure
LD, (Lethal Dose, 50%), the amount of drug required to kill 50% of a given population.
Obviously this is notan acceptable way to assess toxicity in humans. Animal testing might
even be a futile exercise, as there may be considerable differences in drug metabolism
between humans and the common experimental animals. The number of intoxication
cases treated in hospitals and the proportion of survivals could help to estimate the
relative toxicity in humans, but the outcome is also related to the timing and effectiveness
of treatment and the existence of antidotes. Moreover, drug-related fatalities often take
place beyond the reach of medical help.

3.3.2 Fatal toxicity index

A practical measure of relative drug toxicity is the fatal toxicity index (FTI), which is
calculated by relating the number of fatalities attributed to a drug to the consumption of
the drug over the same period and area (King and Moffat 1981; King and Moffat 1983).
Drug consumption can be expressed as the number of prescriptions, kilograms or
defined daily doses (DDDs) dispensed. DDD is the assumed average maintenance dose
per day for a drug used for its main indication in adults, also including over-the-counter
drugs (WHO Collaboration Centre for Drug Statistics Methodology). A fatal poisoning
case rarely contains only a single drug, which makes the compiling of drug fatality
statistics difficult. Deaths can be classified according to the most important finding, e.g.
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the highest ‘concentration-to-therapeutic-concentration’ ratio (Vuori et al. 2009). The
FTI can be expressed as deaths/DDD/1,000 inhabitants/day. It must be noted that the
frequency of poisonings is not only dependent on the availability and inherent toxicity
of the drug, but it can also be related to the indications and manner of use. Prescription
drugs that have anxiolytic or euphorogenic properties, like benzodiazepines and opioids,
are often abused, and “sleeping pills” might be considered a serene way to take one’s
own life. Antidepressants are mostly prescribed to depressed patients with elevated
risk of suicide, but also for other less risky conditions. There are also indications that
different antidepressants are prescribed to different age groups (White et al. 2008).
Drug deaths can be caused by either intentional or accidental overdoses, and sometimes
the intention is unclear. For illicit drugs, fatal toxicity can be evaluated by relating
the number of associated deaths to measures of availability such as seizures by law
enforcement agencies (King and Corkery 2010).

The FTI has been used to compare the toxicity of individual drugs and classes of drugs.
The old group of tricyclic antidepressants (TCAs) has been associated with a higher FTI
than the newer antidepressant drugs introduced after 1973 (Cassidy and Henry 1987).
Selective serotonin reuptake inhibitors (SSRIs) have been shown to cause fewer fatal
intoxications than TCAs in proportion to their consumption (Buckley and McManus
2002; Cheeta et al. 2004; Morgan et al. 2004; Koski et al. 2005a). The selective serotonin
and norepinephrine reuptake inhibitor (SNRI) venlafaxine is a newer antidepressant
that has scored a higher FTI than other serotonergic agents in many published studies
(Buckley and McManus 2002; Whyte et al. 2003; Cheeta et al. 2004; Morgan et al. 2004;
Koski et al. 2005a; Flanagan 2008). It has been suggested that FTI can also depend on
prescribing practices: for example, venlafaxine might be prescribed to patients whose
depression has been resistant to SSRIs and thus carry a higher suicide risk (Egberts et
al. 1997; Heerdink et al. 2003; Mines et al. 2005). However, it has been concluded that
inherent toxicity is a crucial factor of a high FTI (Farmer and Pinder 1989; Buckley and
McManus 2004). Despite continuing uncertainty over the underlying reasons, database
studies have influenced the prescribing information issued by the US manufacturer of
venlafaxine (Deshauer 2007). Combined information on venlafaxine concentration,
CYP2D6 status, interacting drugs, abused substances and background data would all be
required to study the causes of the fatalities.
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AIMS OF THE STUDY

The aims of the study were:

I

II

111

IV

To evaluate the overall prevalence of adverse combinations of common
drugs and to assess the potential role assigned to adverse drug
interactions in fatalities.

To establish the prevalence and nature of adverse combinations of the
problematic anticoagulant warfarin, especially with NSAIDs, paracetamol
and tramadol.

To elucidate whether the apparent high toxicity of the new-generation
antidepressant venlafaxine is associated with adverse drug interactions,
pharmacogenetic factors and/or the manner of death.

To obtain reliable information on smoking and drug use frequency
through a population-based study of deceased young adults and to
compare smokers and non-smokers in terms of alcohol, drug and drug-
of-abuse findings and the manner of death.
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MATERIALS AND METHODS

1 Autopsy cases

All cases were Finnish medico-legal autopsies from the years 2000-2009. All autopsy
samples taken for forensic toxicology were analyzed at the Laboratory of Toxicology,
Department of Forensic Medicine, University of Helsinki.

1.1 Samples

All concentration data was acquired from femoral venous blood taken at autopsy (I-1V).
The samples, containing 1% NaF to prevent microbial alteration, were stored at +4°C
until analysis, after which they were preserved at -20°C. The qualitative drug analysis of

urine samples was performed from urine samples without the preservative (IV).

1.2 Post-mortem database

A referral from the forensic pathologist, the results of toxicological analyses, and
information from the final death certificate were coded into the Laboratory Information
Management System (LIMS) (Access 2000). The referral contained background
information from the police and forensic pathologist, such as name, age, gender, place of
residence, known occupation, a brief description of the circumstances of death, known
medications and the main autopsy findings. The analytical data contained results for
alcohols, drugs and drugs of abuse, and for other substances, such as volatiles and
carbon monoxide, when requested. Information from the final death certificate included
the cause-of-death with contributing factors according to the 10" revision of the
International Classification of Diseases and the manner of death (ICD-10, WHO).

2 Data refining

2.1 SFINX

The Swedish, Finnish, INteraction X-referencing (SFINX) database was used for
identification of adverse drug combinations (Strandell et al. 2008; Bottiger et al. 2009;
SFINX 2009). SFINX is a regularly updated commercial drug interaction database
introduced in December 2005. Two-compound adverse drug interactions are ranked
by their clinical status from probably insignificant (A) to severe (D) and the level of
documentation is classified from sparse (0) to well established (4). The result page lists
the brand names of available preparations, a short description of the ADIs, recommended
measures concerning combined administration, and related references in the literature.
Additive or synergistic pharmacodynamic interactions of medicines having similar
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pharmacological effects, e.g. two CNS depressants, are not flagged in the SFINX database.
The database was accessed through the National Library of Health Sciences in Finland.

2.2 Case selection criteria

I. The study series consisted of autopsy cases from a seven-year period (1 January 2000
- 31 December 2006), for which femoral blood analysis results were available (37,367
cases). Twenty-four primary (i.e. index) medicines were chosen for the study on the basis
of their high frequency as findings in post-mortem blood, as the principal finding in fatal
poisonings (highest ‘concentration-to-therapeutic-concentration’-ratio) or generally
known ADIs. The interacting medicines were identified from the SFINX query results
and only the most severe (class D) interactions were taken into account. Pairs in which
the interacting drug was not in the laboratory’s analysis arsenal during 2000-2006
were excluded (e.g. warfarin and NSAIDs). Also excluded were combinations causing
decreased concentrations or effect, and additive or synergistic pharmacodynamic effects
of drugs possessing similar pharmacological mechanisms.

II. The cases included a twelve-month series of autopsy cases from 1 February 2007
to 31 January 2008. The drugs possessing pharmacokinetic and/or pharmacodynamic
interactions with warfarin were identified from the SFINX database, and the drug
combinations classified as the most severe (class D) and the second most severe (class
C) were included in the study. For each warfarin-positive case (n=328), a control case
was extracted by selecting the next matching case in numerical order with the following
criteria: same gender, age * 5 years, and, if alcohol was present in the warfarin case,
+#0.5%o0 blood alcohol concentration (otherwise no alcohol was accepted) and no
interacting drugs detected. Cases positive for paracetamol or tramadol alone were
extracted from the post-mortem toxicology database to compare the bleeding frequency.

III. The cases were entered in the laboratory database during the two-year period 30
June 2005 to 29 June 2007. The study included all cases previously found to be positive
for venlafaxine by a quantitative drug screening method for blood samples (n=191)
(Rasanen et al. 2003). Venlafaxine was compared with other antidepressants with over
100 positive cases during the study period.

IV. The cases comprised autopsies from the three-year period 1 November 2006 to
31 October 2009. The study focused on young adults of 15-34 years of age (n=2,154).
Nicotine exposure was determined qualitatively by the detection of nicotine and/or one
of its main metabolites (cotinine, trans-3’-hydroxycotinine) using a screening method for
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urine samples (n=1,623) (Pelander et al. 2003; Ojanperd et al. 2006). Cases where none
of these three analytes were detected were defined as controls (non-nicotine users).

3 Analysis methods

A multi-technique approach was used to perform a comprehensive toxicological analysis
of blood and urine samples. Urine samples were screened with the laboratory’s routine
qualitative drug screening methods by immunoassay and liquid chromatography - time-
of-flight mass spectrometry (LC-MS-TOF) (Pelander et al. 2003; Ojanpera et al. 2006).
Besides approximately 700 drugs, the method included nicotine, cotinine and trans-3’-
hydroxycotinine (IV). Simultaneously, blood samples were quantitatively monitored for
200 drugs by three methods: gas chromatography with nitrogen phosphorus detection
(GC-NPD) for acidic/neutral drugs (Ojanpera et al. 1991) and from February 2006 on
by gas chromatography - mass spectrometry (GC-MS) (II), GC with electron capture
detection (GC-ECD) for benzodiazepines (Rasanen et al. 2000), and GC-NPD for basic
drugs (Rasanen et al. 2003). Confirmation and additional determinations were carried
out using GC-MS and LC coupled to triple quadrupole MS/MS in both urine and blood.
Digoxin was routinely determined for all known users and all deceased individuals 65
years or older by a quantitative immunological method (limit of quantification (LOQ)
0.64 nmol/l). Ethanol (along with other volatile alcohols) was determined in blood
samples by headspace GC. The blood alcohol concentrations were reported in mass per
mass units as parts per thousand (%o) and the LOQ for ethanol was 0.2%o. The screening
procedure covers the majority of psychotropic drugs available on the licit and illicit
markets in Finland, with special emphasis on abused substances. The Laboratory has
acted in the capacity of Testing Laboratory T 115 since 1997, accredited by the Finnish
Centre for Metrology and Accreditation (FINAS).

3.1 Analysis of acidic and neutral drugs

A new GC-MS based screening method was developed and validated for quantitative
blood screening. The new method included quantification of 40 acidic and neutral
drugs such as antiepileptics, paracetamol, warfarin and NSAIDs (II). The analytes
were extracted into ethyl acetate, followed by a derivatization step and separation on
a DB-5MS capillary column (Agilent Technologies, Santa Clara, CA, USA). The full-scan
spectral data obtained was purified using an Automated Mass Spectral Deconvolution
and Identification system (NIST, USA), version 2.1 (AMDIS 2006), and the analytes were
quantitated using three-point linear calibration.
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3.2 Metabolite analysis

Venlafaxine and its two major metabolites were determined by GC-MS (III).
O-desmethylvenlafaxine (HCl) and N-desmethylvenlafaxine (HCI) were purchased from
SynFine Research Inc. (Ontario, Canada) and venlafaxine (HCI) was donated by Lederle
(Pearl River, NY, USA). The analytes were determined in blood samples with a LOQ of 30
pg/1 for VEN and O-VEN, and 10 pg/1 for N-VEN. The analytes were extracted into butyl
acetate, followed by GC separation and detection by MS using selected ion monitoring
(SIM). The metabolite ratios were calculated as the concentration of venlafaxine per
concentration of metabolite.

(-)-Nicotine (hydrogentartrate, Sigma), (-)-cotinine (Sigma) and trans-3’-hydroxycotinine
(Toronto Research Chemicals Inc) were added to the qualitative routine LC-MS-TOF
method in November 2006 (IV). The limit of detection (LOD) was 100 ng/1 for nicotine,
75 ng/l for cotinine and 200 ng/l1 for trans-3’-hydroxycotinine. Because a reported
cotinine concentration measured after low-level exposure to nicotine mimicking passive
smoking is much smaller (4-5 ng/l in urine) (Benowitz et al. 2009) than the LOD, it can
be hypothesized that the method detected mainly active nicotine use.

4 Genotyping

CYP2D6 genotyping was performed using a method that detected 11 variants of the
allele: *2, *3, *4, *5, *6, *9, *10, *17, *29, *39 and *41 (III) (Sistonen et al. 2005). If none of
these mutations were detected the allele was classified as *1. E.Z.N.A. SE Blood kit DNA
was used to isolate DNA from 250 pl of autopsy blood (Omega Bio-Tek Inc., Doraville,
GA, USA). The detection was performed using an ABI PRISM SNaPshot™ multiplex
kit (Applied Biosystems, Foster City, CA, USA). Two additional long polymerase chain
reactions (PCRs) were used to analyze whole-gene deletion and duplication, and the
phase of gene duplication in heterozygous genotypes was defined from the SNaPshot™
result. The duplicated allele is denoted xN because the multiplicity of the duplication
could not be determined with the method used.

4.1 CYP2D6 allele activity scores, genotype classes and phenotypes

The allele variants were scored according to their relative functionality as follows: 0
for a non-functional allele (*3, *4, *6, *4xN) or deletion (*5), 0.5 for an allele of reduced
activity (*9, *10, *17, *29, *41, *10xN, *41xN), 1 for an allele of wild type activity (*1, *2,
*39) and 2 for increased activity (*1xN, *2xN) (Gaedigk et al. 2008). To compare the
metabolite ratio and the predicted enzyme activity, the sum for each individual genotype
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was calculated yielding seven possible genotype groups from 0 to 3 at intervals of 0.5.
CYP2D6 phenotypes were predicted from genotypes (Table 2). The prediction of enzyme
activity of each haplotype was based on results of previous studies (for reference, see
Home Page of the Human Cytochrome P450 (CYP) Allele Nomenclature Committee
2008).

5 Statistical methods

MINITAB 13.31 software (Minitab Inc., State College, PA, USA) was used for calculation of
confidence intervals (ClIs), means, medians, test of two proportions, and Mann-Whitney
test (I, II, III). A p-value of <0.05 was considered to indicate a statistically significant
difference. Both frequentist and Bayesian inference were used to analyze the data with
online software OpenBUGS, version 3.1.1 (IV) (Ntzoufras 2009; OpenBUGS 2010).
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RESULTS

1 Prevalence of adverse drug combinations

0.71% of 37,367 cases showed a drug combination possessing a potentially severe
interaction (I). The total number of possible ADI cases in which the interaction mechanism
matched the background information and analytical data was 62, comprising 23% of all
ADI hits and 0.17% of all cases analyzed. The prevalence of at least one adverse drug
combination among warfarin users was 33% (II). The prevalence was 46% among
venlafaxine users (III).

1.1 Drug combinations with a pharmacodynamic interaction mechanism
Pharmacodynamic ADIs were the more common type of possible ADIs with 52 out of 62
cases (I). The most prominent types of pharmacodynamic ADIs were serotonin toxicity
and combinations of a f3,-blocker and either of the calcium antagonists verapamil or
diltiazem. A NSAID was detected in 6 out of 328 warfarin-positive cases (II). The most
common pharmacodynamic combinations with warfarin were paracetamol, tramadol
and citalopram. The drugs most frequently found to interact with venlafaxine were
tricyclic antidepressants (TCAs) (also possessing a pharmacokinetic effect), mirtazapine
and tramadol (III).

1.2 Drug combinations with a pharmacokinetic interaction mechanism

Only 10% of the possible pharmacokinetic ADI cases (10 of 98) had an elevated target
compound concentration (I). Approximately half of all possible pharmacokinetic ADI
cases involved digoxin in combination with the calcium antagonist verapamil, but
only one case met the set ADI criteria and exhibited a probably fatal level of digoxin
(Bauman et al. 2006). The effect of adverse warfarin combinations was judged only from
the observed fatal bleeding instead of increased warfarin concentration (I, II). Among
the cases that included a kinetic warfarin combination, the most common interacting
drugs were fluconazole, metronidazole and fluvoxamine (I, n=14) and trimethoprim,
amiodarone, fluconazole and phenytoin (II, n=18). Carbamazepine, which has a
diminishing effect on anticoagulation, was observed in 7 cases (II). The most prominent
interacting drugs detected along with venlafaxine were TCAs, levomepromazine and
fluoxetine (III).

1.3 Death certificates
In the 57 death certificates for the 62 possible ADIs, the forensic pathologist had included
the studied adverse combinations of 2 or more drugs as a contributing factor of death
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in 19 certificates (33%) (I). In 8 of these cases the forensic pathologist had highlighted
the same specific 2-compound ADI as recognised in the study. Serotonin toxicity was
concluded to be the cause of death in two fatalities, both involving citalopram and
moclobemide. The manner of death distribution of the suspected ADI cases showed no
deviation from all cases analyzed during the study period.

2 Concomitant use of warfarin and paracetamol

Paracetamol was the most frequently co-used drug (n=53) capable of interacting with
warfarin (328 cases) (II). Among cases where these two drugs were detected together
the prevalence of fatal bleeding was 4.6 and 2.7 times higher compared with cases
of only paracetamol or warfarin findings, respectively. Bleeding was most commonly
intracranial and there was no statistical difference in terms of its aetiology (spontaneous
or traumatic). There were not enough cases to obtain reliable results on the bleeding
risk due to combined tramadol and warfarin use.

2.1 Post-mortem warfarin concentrations

66 % of all cases studied had a warfarin concentration below the LOQ of 0.5 mg/l in
whole blood (II). The LOD was 0.1 mg/l. The plasma/blood ratio was studied in vitro
using fresh blood samples (n=3) from two individuals and the result was 1.63 -2.01.

3 Venlafaxine findings and fatalities

3.1 Pharmacogenetics
Genotyping of CYP2D6 was successful in 123 of the 128 cases of available post-mortem
blood samples that were found to be venlafaxine positive in routine screening (III).

3.1.1 Allele and phenotype frequencies

The observed CYP2D6 allele frequencies of venlafaxine users did not differentiate them
from the general population. Most of the VEN users (89%) were EMs. Only two PMs were
identified (2%) and 10% of the VEN-positive cases were identified as UMs. The relative
CYP2D6 activity did not seem to predispose to high venlafaxine concentrations as the
expected and observed distributions of phenotypes into four concentration groups were
similar (see III for details).

3.1.2 CYP2D6 and venlafaxine metabolite ratios

There was a negative correlation between the VEN/O-VEN ratio and the genotype sum
of functional alleles; a 2.6-fold difference in the median VEN/O-VEN ratio was observed
between HEMs and EMs, but other groups did not differ from each other to a statistically
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significant extent. Except for the two PMs, no shift towards the N-methylation pathway
was observed.

3.2 Concentrations

The median concentrations of VEN, O-VEN and N-VEN in the 123 cases that were
successfully quantitated were 560, 420 and 49 pg/l, respectively. Concentrations of
VEN, O-VEN and N-VEN were below the LOQ in 3, 4 and 6 cases, respectively. One case
did not have a detectable amount of N-VEN. The distribution of concentration sums of
VEN, O-VEN and N-VEN was plotted together with the cumulative distribution of fatal
venlafaxine poisonings (assessed by the forensic pathologist) to reveal a median total
VEN concentration of 3,250 pug/l in post-mortem whole blood (Figure 3).

3.3 Drug interactions

A high frequency of interacting drugs (46%) was typical of the VEN-positive cases
and the presence of these drugs was shown to be more common with higher VEN
concentrations. Only one case of poisoning due to VEN alone was detected. The presence
of a CYP2D6 inhibitor was related to an elevated median combined concentration of
VEN and metabolites and VEN/O-VEN ratio.
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Figure 3. Sum concentration (VEN + O-VEN + N-VEN) distribution of venlafaxine-positive cases (III).
The cumulative distribution of fatal poisonings is indicated with a bold curve.
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Table 4. Venlafaxine in comparison with other common antidepressants in Finland

Year 2006 Two-year study period**
i Suicides committed primarily
DDD Sales Observed Positive cases H with the drug
Drug mg DDD/1000 inhab./day ~ deaths” FTI n suicides (%) p* | n % of all suicides
|
Tricyclics i
Amitriptyline 75 3.87 47 12.14 | 334 96 (29) 0002 + 46 48
Doxepin 100 0.93 32 34.41 129 52 (40) >0.05 ! 32 62
|
SSRIs |
Citalopram 20 22.74 17 0.75 729 211 (29) 0.001 i 16 8
Fluoxetine 20 5.42 5 0.92 146 41 (28) 0.007 1 2 5
Sertraline 50 487 1 021 | 101 33(33) w05 |1 3
|
Newer antidepressants |
Mirtazapine 30 7.06 7 0.99 516 192 (37) >0.05 i 15 8
Venlafaxine 100 4.87 18 3.7 191 80 (42) i 23 29

DDD defined daily dose, FTT fatal toxicity index
~ from femoral venous blood only

* test for two proportions vs. venlafaxine

**30 June 2005 - 29 June 2007

3.4 Venlafaxine in comparison with other antidepressants

The fatal toxicity index (FTI) was calculated for venlafaxine and other commonly used
antidepressants for 2006 and is expressed as deaths/DDD/1000 inhabitants/day (Table
4). VEN-positive cases had overall the highest suicide frequency (all suicide methods
included), but the proportion of suicides committed with VEN was substantially higher
(29%) than that with mirtazapine (8%) or SSRIs (3-8%).

4 Nicotine in deceased young adults

4.1 Prevalence of nicotine findings

The overall prevalence of nicotine use in the post-mortem toxicology database was 55%
(all ages) and among young adults (15-34 years) 75% (IV). The study material covered
approximately 60% of all deceased young adults in Finland during the study period.

4.2 Nicotine and substance abuse

Ablood alcohol concentration higher than 0.2%o0 was found twice as often in the smokers
group (60%) than in the non-smokers group (30%) (Table 5). The median concentration
of ethanol was higher in nicotine users (1.6%o0) than in non-nicotine users (1.3%o)
(mean difference 0.23, 0.07-0.39, 95% CI for the difference). In total, the number of
illicit drug findings (n=462) was smaller than the number of abused prescription drug
findings (n=585) (e.g. opioids, opioid substitutes and pregabalin). There were 509 cases
with abuse of at least one of the illicit or prescription drugs studied, and these cases

35



represented 24% of all young adults and 31% of the cases where routine urine screening
was done. Amphetamine and cannabis were the most common illicit drug findings in the
study material. Nicotine had been used by 85% of the drug abusers and drug abuse was
twice as common among nicotine users (36%) than among non-nicotine users (18%).

4.3 Nicotine and psychopharmaceuticals

Nicotine use was studied among cases of young adults who were positive for drugs used
for psychopharmacotherapy. Over half of the study population of young adults (66%,
Table 5) were positive for at least one psychopharmaceutical drug. Nicotine users
formed the majority of the cases in each drug group: 70% of antipsychotic positive cases
(posterior prevalence; CI 65-75% as 95% highest posterior density interval), 72% of
antidepressants (CI 68-75%), 76% of other selected drugs (CI 67-82%, propranolol,
orfenadrine, tizanidine), 78% of anxiolytics (CI 75-81%) and 79% of hypnotics and
sedatives (CI 76-82%). However, psychopharmaceuticals were positive more often in
the non-nicotine users group (76%) than in the nicotine users group (63%) (Table 5).

4.4 Nicotine and manner of death

The distribution of manner of death was compared between the nicotine users and non-
nicotine users. No statistical differences were observed except that there were fewer
natural deaths in the smokers group than in the non-smokers group.

Table 5. Findings of nicotine, alcohol, abused drugs and psychopharmaceuticals in 15-34 year old deceased

All young adults Nicotine users Non-nicotine users
n=1623 n=1215 n=408
Blood ethanol >0.2%o0 849 (52%) 726 (60%) 123 (30%)
Drug abuse positive 509 (31%) 434 (36%) 75 (18%)
Psychopharmaceuticals positive 1073 (66%) 761 (63%) 312 (76%)
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DISCUSSION

1 Methodological considerations

1.1 The Finnish post-mortem toxicology database

In Finland, a sudden or unexpected death leads to a medico-legal investigation conducted
by the police. If considered necessary, the police launch a cause-of-death investigation
that is performed by a forensic pathologist. An investigation is always conducted
when a fatality is not known to be caused by a disease, or is known to be related to an
accident, crime, suicide, poisoning, occupational illness, medical procedure or war (as
are deaths that do not occur under medical care or are otherwise sudden or unclear).
Even reasonable doubt about the causes mentioned above is enough for an investigation
and no permission from the next-of-kin is needed. Approximately 50,000 Finns die each
year and a medico-legal autopsy is performed in almost one case in four. Toxicological
samples are collected after the decision of the forensic pathologist. All toxicological
analyses are performed in one laboratory at the Department of Forensic Medicine of
Hjelt Institute, University of Helsinki. This leads to toxicological analysis of over 6,000

cases a year, which represents over 10% of all deaths nationwide.

The samples undergo screening and quantification analysis for legal and illicit drugs and
poisonous substances. The results are stored in the laboratory’s toxicology database.
These, together with the autopsy results, are evaluated by the forensic pathologist to
exclude, confirm or reveal the reasons behind the fatality. Finally a death certificate,
including cause and manner of death, is issued by the forensic pathologist and a copy
is sent to the Laboratory of Toxicology, where the data is integrated into the toxicology
database. This, in combination with the high autopsy rate and validated up-to-date
analysis methods, leads to a large, constantly accumulating and commensurable

nationwide databank that can be used for epidemiological studies.

1.2 Post-mortem pharmacology

Besides the multiple factors that can affect pharmacotherapy in clinical pharmacology,
the post-mortem setting poses considerable additional difficulties in interpreting the
toxicological results (Pounder and Jones 1990; Drummer 2007; Ferner 2008). After
death the active processes that have created concentration differences in the body cease.
This may lead to a post-mortem redistribution of drugs and hence the concentration
in the blood (and other sample matrixes) may change dramatically, as has been
proven to happen with digoxin (Koren and MacLeod 1985; Yarema and Becker 2005).
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Depending on the properties of the drug, the concentration can increase or decrease
or the drug itself can be altered by microbiological activity or post-mortem changes in
the environment (Ferner 2008). Substantial differences have been observed between
concentrations measured from peripheral and central sites of the body (Leikin and
Watson 2003), and toxicologically important substances like ethanol can be generated
after death by microbes (Zumwalt et al. 1982; Vuori et al. 1983; Petkovic et al. 2005).
Appropriate sampling of blood from femoral veins and use of a preservative are crucial
for a representative quantitative analysis result (Flanagan et al. 2005). These standard
procedures are applied throughout autopsy rooms in Finland. A negative result in
a post-mortem setting can be a consequence of long survival time (interval between
drug intake and death) or post-mortem degradation. Furthermore, there are numerous
substances like opioids that do not have a difference between safe, therapeutic, toxic
and fatal concentrations (Drummer and Odell 2001). Background data is critical in
evaluating tolerance, and toxicological results should always be interpreted in their
individual context.

Plasma and serum are the preferred sample matrixes in living patients, but post-mortem
analysis is performed on haemolysed whole blood. Most therapeutic concentration
ranges for drugs given in the literature are for plasma or serum and therefore cannot
be applied directly to post-mortem cases as the concentration ratio between whole
blood and plasma varies from drug to drug (Skopp 2004). This particularly influences
drugs that are highly protein bound like benzodiazepines (Jones and Larsson 2004)
and warfarin (II). Furthermore, the response to a drug is dependent on the free drug
concentration, but a post-mortem result is a sum of both free and protein-bound drug.
The finding that the post-mortem concentrations of warfarin were frequently below
the established therapeutic range for plasma (1-3 mg/1) (Schulz and Schmoldt 2003)
and also below the limit of quantification (0.5 mg/1), could be explained, at least to
some extent, by the plasma/whole blood ratio experiments (II). The plasma samples
had almost twice the concentration of the whole blood samples. Due to the individual
variation in the response to warfarin therapy, the qualitative result is more important
than the post-mortem concentration of warfarin. However, the expected concentration
range is important in method development.

To make any conclusions on a single case, post-mortem concentrations should be
viewed against data accumulated from post-mortem samples that have undergone
similar sampling, storage and analysis and whose background data is available.
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Venlafaxine has been shown to undergo post-mortem redistribution (Levine et al. 1996;
Rodda and Drummer 2006). A recent study involving determination of venlafaxine and
its metabolites from both plasma and whole blood showed no major concentration
differences between the matrixes (Kingback et al. 2010). The concentration distribution
from a two-year series of venlafaxine cases was shown together with the accumulation
curve for fatal VEN intoxications (III). In cases with causes of death other than drug
poisoning, the measured median concentrations of 330 pg/1 for VEN and 400 pg/1 for
0-VEN were higher than those reported in a large therapeutic drug monitoring database
study (50 and 140 pg/1 in serum, respectively, for 150 mg daily dose (Reis et al. 2009)).
However these results (III) are in agreement with a previously suggested therapeutic
range of 250-750 ug/1 for total drug and metabolites in serum (Moffat et al. 2004), and
overall the results were comparable with those from previous studies on post-mortem
material (Jaffe et al. 1999; Goeringer et al. 2001; Reis et al. 2007).

Multi-drug use and substance abuse are common in post-mortem cases and make the
interpretation of the results challenging (Jones et al. 2010). A fatality can seldom be
attributed purely to a single substance and, besides factors like tolerance, the possibility
of drug-drug interactions, drug-alcohol interactions and drug-disease interactions
should be taken into account. For example, commonly used benzodiazepines are often
found together with alcohol (Koski et al. 2002; Holmgren and Jones 2003). Substantial
tolerance can develop toward both substances, butthey do possessan additive interaction
as they both act as CNS depressants. In order to handle the large study material some
rough generalizations had to be made for exclusion of predominant poisonings where
the contribution of ADIs to the fatality was no longer relevant (I). Predominant alcohol
poisonings were excluded by setting the cut-off limit (2.5%o) lower than a published
post-mortem median blood alcohol concentration (3.6%o0) (Jones and Holmgren 2003)
because the fatal blood alcohol concentration might be lower in combined drug-alcohol
poisonings (Koski et al. 2002; Koski et al. 2003; Koski et al. 2005a; Koski et al. 2005b).

Awareness of the complete medical profile, the possibility of interactions, and the
intentions of the prescribing doctor and patient could not be elucidated from the data
available. The strength of a post-mortem toxicology database study is that the drugs,
including many over-the-counter drugs, are actually detected in the blood rather than
just in prescription databases, where the timing range of dispensing can vary and
concomitant use might be impossible to confirm (Heikkild et al. 2006). The figures
presented here are probably underestimates for the overall prevalence of ADIs. Drugs
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remain that are not included in the laboratory analysis repertoire, such as antibiotic,
antifungal, and antiviral drugs and drugs used in cancer treatment. These drugs are
commonly used in hospitals and by outpatients and they possess potential for serious
ADIs but rarely cause fatal poisonings in forensic settings (Howard et al. 2002; Zwart-
van Rijkom et al. 2009). Another issue is that ADIs that lead to diminished concentration
or effect cannot be identified with certainty. Also, pharmacodynamic effects (e.g.
serotonin toxicity and cardiac symptoms) that do not leave an easily detectable sign,
like bleeding after warfarin interactions (I, II), are much more challenging to evaluate
than pharmacokinetic interactions. It must be noted that the gender distribution of
the Finnish post-mortem toxicology database is skewed: men consistently make up
approximately 75% of the cases in the database (I, unpublished result; IV). Gender
differences in inappropriate drug use have been reported (Johnell et al. 2009), and there
might be differences in the frequency of reporting and in the experiencing of adverse
drug reactions and interactions (Leone et al. 2010; Strandell and Wahlin 2011).

1.3 Drug selection

The medicines and drugs of abuse investigated in this thesis were chosen on the basis of
their commonness as findings in post-mortem cases or as a cause of fatal poisonings in
Finland during the study period (Vuori et al. 2006; Vuori et al. 2009). The poisoning and
substance abuse scene is constantly changing and new substances frequently emerge;
however, despite the introduction of new drugs like SSRIs, old TCAs like amitriptyline
remain on the drug market and continue to cause fatal poisonings. The detection and
quantification of new drugs is further challenged by the often poor availability of
reference substances (Laks et al. 2004). The internet provides easy access to (presumed)
prescription drugs and abused substances, such as opioids and anabolic agents, but
there is no guarantee for the ingredients of these products. Also, the contents of street
drugs might come as a surprise to the end-user (Vallersnes et al. 2009; Cole et al.
2011). Tourists and foreigners might have used drugs that are not available in Finland.
Use of over-the-counter drugs is hard to monitor, but they do include drugs such as
paracetamol, salicylic acid and NSAIDs, which can cause ADRs. The new GC-MS method
has greatly improved the ability to screen for this often neglected group of drugs (II).
In conclusion, rather than a target analysis, post-mortem toxicology demands a general
unknown approach and adaptable methods. Without comprehensive drug screening
procedures that are routinely and identically applied to all samples, comparable results
cannot be produced for epidemiological studies. A recent publication of two suicides
committed with nicotine (Corkery et al. 2010) illustrates the importance of including
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commonly used but usually nonfatal substances like nicotine and caffeine (Thelander et
al. 2010) in the analyte repertoire.

Warfarin and venlafaxine were given special attention in this thesis because they are
both commonly used prescription drugs related to a high number of ADRs and fatalities.
Haemorrhages of the gastrointestinal tract and CNS are among the most common fatal
ADRs, with antithrombotic drugs and NSAIDs as the suspects (Sihvo et al. 2000; Wester
etal. 2008; Strandell and Wahlin 2011). The metabolism of venlafaxine can be affected by
several drugs acting on CYP2D6 or CYP3A4 (Holliday and Benfield 1995; Ereshefsky and
Dugan 2000), which can alter the outcome of drug therapy, although the contribution of
these interactions to fatalities has not been systematically studied.

1.4 Genotyping

Pharmacogenetics in a post-mortem setting is a relatively new area of research, one that
helps to reduce the number of cases where the cause-of-death remains undetermined
(Sajantila et al. 2010). DNA in post-mortem blood samples can be difficult to extract and
amplify because of decomposition. The samples might be of poor quality and contain
impurities that can inhibit the enzymes used, while DNA may have degraded into small
fragments. In 5 out of 128 cases genotyping for CYPZD6 was not successful (III). The
methods used were chosen according to the existing equipment and the procedures
developed in-house (Sistonen et al. 2005), but other approaches such as pyrosequencing
(Zackrisson and Lindblom 2003), real-time PCR (Eriksson et al. 2002) and nanochip
technology (Heller et al. 2006) can also be applied.

The VEN/O-VEN metabolic ratio has been proposed as a way to phenotype patients for
CYP2D6 status (PM or EM) (Nichols et al. 2009; Lobello etal. 2010; Preskorn 2010), but it
is doubtful whether this could be applied to post-mortem samples. Only two PMs led to a
wide CI, and the other extreme CYP2D6 phenotype, UMs, could not be distinguished from
the study sample on the basis of the metabolite ratio (III). Furthermore, post-mortem
samples are often a far cry from clinical samples with their steady-state therapeutic
concentrations, as they may involve overdose concentrations and subsequent enzyme
saturation.

2 Prevalence of adverse drug combinations

The general prevalence of the use of drug combinations that can lead to severe ADIs
is hard to study. The published estimates of incidences vary because of the definition
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of ‘severe/serious/hazardous/clinically important/significant, the drug selection,
the source of the defined ADIs and finally the study population. Previous studies have
concluded that overall ADIs are frequent but mostly not clinically significant or fatal
(Egger et al. 2003; Glintborg et al. 2005; Reis and Cassiani 2011). Some examples of ADI
incidence studies are presented in Table 6. As might be expected, the number is higher
in hospital studies than in outpatient settings. The 0.71% prevalence of severe ADI
combinations is in agreement with these previous results (I). Not everyone exposed to
ADIs eventually suffers an adverse outcome. In a recent Italian study based on individual
case safety reports, 22% of exposed patients experienced an associated ADR (Leone et al.
2010), which is similar to the 23% proportion of the detected ADIs that were considered
to have a possible role in the fatality (I).

The forensic pathologists seldom mentioned the specific role of the ADI (I) studied in
the death certificate as an underlying or contributing factor, but the drugs studied were
mentioned in the death certificates in one third of the possible ADI cases. It has been
proposed that drug-related deaths are underreported by forensic pathologists because
other obvious conditions mask the contribution of the drugs to the fatality (Pilgrim et
al. 2010a). Serotonin toxicity is likely to be underreported as a cause of death despite
the frequent use of serotonergic drugs (Pilgrim et al. 2010c). It was mentioned in only
two death certificates (I), even though the combined serotonin toxicity was among
the most abundant possible ADI type (I, III). The situation might be similar with drug
combinations causing adverse cardiovascular reactions like the combined use of a §8,-
blocker and calcium antagonists (I). However, it must be pointed out that serotonin
toxicity is a clinical diagnosis (Sternbach 1991; Isbister et al 2007) and post-mortem
toxicology results must be backed up by background information in order to make such
conclusions on the fatality. The use of two serotonergic drugs has been contraindicated,

Table 6. Incidences of individual cases with a severe adverse drug-drug combination

Study Setting/study sample Incidence (%)
Chen et al. 2005 General practice medical records 0.04
Heikkild et al. 2006 Pharmacy dispensing database 0.4
Study I Post-mortem toxicology database 0.71
Peng et al. 2003 Ambulatory patients <1
Astrand et al. 2006 Pharmacy dispensing database 1.5
Hosia-Randell et al. 2008 Elderly nursing home patients 4.8
Gronroos et al. 1997 Hospital patients 6.8

Reis et al. 2011 Intensive care unit patients 7

Egger et al. 2003 Hospital discharge patients 8.8
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but recently it has been suggested that combining antidepressant medications,
especially mirtazapine with other agents, could be beneficial to drug therapy (Blier et
al. 2010). Computer-based registries, software and databases are essential if health
care professionals and scientists are to keep up with the constantly accumulating data
on ADIs. ADI databases should be constantly updated and the search results should
be restricted to clinically significant ADIs in order to prevent an overload of warnings,
which can have a numbing effect on users (Gronroos et al. 1997; Indermitte et al. 2007;
Bottiger et al. 2009; Zwart-van Rijkom et al. 2009). Drug-drug interactions were the
most frequently overridden type of drug safety alerts in a study conducted in a Dutch
university medical centre (van der Sijs et al. 2009).

The prevalence of drug combinations able to cause severe ADIs was worrying for
both venlafaxine (46%, III) and warfarin (33%, II). Most warfarin users are of a more
advanced age and thus prone to multi-drug use (Hovstadius et al. 2010). The reported
prevalences of adverse warfarin co-prescribing vary widely (33-82%) (Wittkowsky et
al. 2004; Gasse et al. 2005; Feldstein et al. 2006; Snaith et al. 2008). Warfarin is among
the most frequently reported drugs in the WHO database of spontaneous ADI reports
(Strandell and Wahlin 2011), and recently it was stated that potentially interacting drugs
were used in more than 50% of warfarin-associated bleeding reported to the Norwegian
spontaneous reporting system (Narum et al. 2011). The combined use of NSAIDs and
warfarin was rare (2%, II) in comparison with previous studies from Scotland (26.3%,
primary care practice) (Snaith et al. 2008), from US (24.3%, dispensing database)
(Malone etal.2005) and Norway (16-23%, Norwegian prescription database) (Hakonsen
et al. 2009). The low incidence was surprising, especially as warfarin + NSAIDs have
previously been reported to be at the top of serious interaction online surveillance alerts
in studies by a Finnish community pharmacy (1% place with 37% of alerts (Heikkila et al.
2006)) and a university central hospital (3" place in number of prescriptions (Grénroos
et al. 1997). In this thesis, the origin of the NSAIDs (over-the-counter or prescription)
was not known. Use of the new selective COX-2 inhibitors (oxicames and coxibs) has also
been reported to increase the risk of bleeding when combined with warfarin therapy
(Battistella et al. 2005), but these prescription drugs were rarely observed in the in this
study.

Documented reports of the role of ADIs in venlafaxine-related ADRs and fatalities are
more rare. In an Australian study, inappropriate combinations of serotonergic drugs
were relatively frequent in post-mortem material, especially tramadol and SSRIs or
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SNRIs and the concomitant use of multiple serotonergic antidepressants (Pilgrim et al.
2010a). Other antidepressants have been shown to be prescribed more often to patients
on venlafaxine than to those on fluoxetine or citalopram (Mines et al. 2005; Rubino et
al. 2007).

[tis known that tobacco has interactions with drugs (e.g. olanzapine, clozapine, opioids),
but the mechanism is often metabolic induction and a decrease in the effect (Kroon
2007). Despite their clinical significance, these interactions were not studied in this

thesis as they are nearly impossible to evaluate from post-mortem material (IV).

3 Safety of warfarin and paracetamol combination

In several studies of drugs co-prescribed with warfarin paracetamol-containing products
were the most common findings (Wittkowsky et al. 2004; Gasse et al. 2005; Feldstein et
al. 2006; Snaith et al. 2008). Paracetamol and tramadol were also the most frequently
found analgesics in the post-mortem study material (II). The proportion of fatal bleeding
was higher among cases where warfarin and paracetamol were found together than in
cases where paracetamol or warfarin was used alone or in the age, gender and alcohol-
matched control cases where the drugs studied were not found. This supports previous
clinical evidence of the possible adverse nature of this drug combination. Since the
publication of Study II, a randomized controlled trial has reported that paracetamol
(even 2g/day) enhanced the anticoagulant effect of warfarin in patients on stable
therapy (Zhang et al. 2010).

The concentrations of the drugs studied were not taken into account as the optimal
warfarin concentration is very patient specific (II). One notable advantage of using
post-mortem study material is that the use of alcohol can be reliably included in the
control case selection criteria. The number of cases is unfortunately relatively small,
representing only one year of screened cases. In addition, it could be argued that those
individuals using paracetamol as well as warfarin might have been in somewhat poorer
health because for some reason they were using an analgesic. Nevertheless, the result
suggests the need for more caution and close monitoring of warfarinized patients who
use paracetamol concomitantly. This ADI might become even more important in the
future as the sales of both drugs are increasing each year (Figure 4). The safety of the
combined use of tramadol and warfarin could not be evaluated due to the inadequate
number of cases. Findings of anticoagulants, NSAIDs, paracetamol and salicylic acid can
be crucial to the cause-of-death investigation not only as an individual cause of fatal

poisoning or ADR, but also because of their severe ADIs.

44



100 -

80 ~ —e— Warfarin

—&— ASA small dose
60 |
—— Paracetamol

—e— Nonselective

DDD/ 1000 inhabitants/day

40 - NSAIDs
—— Selective COX-2
inhibitors
20 +
0 T T T T T T T T T T T T 1
©® OO H NN T WL ODN® QO
S O O O © O 0 O © o © O «w Year
- - I - I - - I - - -]
- - N NNNNNCNANQX

Figure 4. Sales of warfarin, NSAIDs and paracetamol in Finland 1998-2010. (National Agency for
Medicines/Finnish Medicines Agency). (ASA acetylsalicylic acid)

4 Venlafaxine toxicity

Venlafaxine has repeatedly been shown to have a FTI lower than that of TCAs but higher
than SSRIs (Buckley and McManus 2002; Whyte et al. 2003; Cheeta et al. 2004; Morgan
et al. 2004; Koski et al. 2005a; Flanagan 2008) (III). Furthermore, venlafaxine has been
placed similarly when ranked by toxicity in overdoses using the relative toxicity index
(rate of deaths by suicide or undetermined intent compared to rate of non-fatal self-
poisonings) (Hawton et al. 2010). A retrospective cohort study comparing patients
who deliberately poisoned themselves with venlafaxine or SSRIs found that venlafaxine
self-poisoners exhibited a higher degree of serious suicidal intent (Chan et al. 2010).
Venlafaxine is reported to be prescribed for and taken in overdose by patients with a
more severe clinical picture of depression and psychiatric disorders and history of self-
harm (Egberts et al. 1997; Mines et al. 2005; Bergen et al. 2010). The VEN-positive cases
had a high suicide rate and there were more suicides committed with VEN than SSRIs or

mirtazapine (III).

As both extreme CYP2D6 phenotypes (PMs and UMs) may lead to problems in drug
therapy (Rau et al. 2004), their frequency among the venlafaxine-positive cases was
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expected to be elevated. However, there were only 2 PMs (2%), whereas the estimate
for the European population is 5-10% (Bradford 2002; Sistonen et al. 2009). In a
study conducted among Finnish smokers the general frequency of PMs was also 2%
(Saarikoski et al. 2000). A low occurrence of PMs has previously been reported among
patients with persistent mood disorders (Kawanishi et al. 2004), in a study of 53 Swedish
autopsy cases involving citalopram (Holmgren et al. 2004), and among fatal intoxication
cases (Zackrisson et al. 2004). Recently CYP2D6 UM phenotype has been associated
with a higher suicidality (Stingl Formerly Kirchheiner and Viviani 2011) and suicide
completion (Zackrisson et al. 2010). Among depressed patients with failed CYP2D6
substrate drug therapy, the frequency of CYP2D6 gene duplication was reported to be
tenfold higher than in healthy Swedes (Kawanishi et al. 2004). The frequency of effective
allele duplications (5.6%, II) was higher than has been estimated for a Scandinavian
population (1-2%) (Dahl et al. 1995; Kawanishi et al. 2004; Ingelman-Sundberg et al.
2007) but similar to the results of a Finnish study (4.6%) (Sistonen et al. 2009). This
accentuates the importance of knowledge of inter-population variation of CYP2D6 when
interpreting results.

Ultrarapid metabolism can lead to an insufficient blood concentration and subsequent
failure of drug treatment or to high concentrations of active/toxic metabolites. Minor
metabolites can also become major ones if the dominant pathway is restricted, as in the
case of CYP2D6 PMs, where the amount of N-VEN was equal to VEN (with only traces of
0-VEN) resulting from an apparent shift towards the N-methylation pathway via CYP3A4
(III). Besides the accumulation of VEN (Wijnen et al. 2009) slight pharmacological
differences have been proposed as the reason behind the observed increased risk of
adverse side-effects in PMs (Hendset et al. 2006; Shams et al. 2006). As the sum of parent
and active metabolite has been measured to be similar in both PM and EM phenotype
patients (Fukuda et al. 2000), it has even been suggested that the polymorphism has
minor clinical importance (Gardiner and Begg 2006). The contribution of N-VEN to the
ADRs of venlafaxine in PMs has not been considered. Inclusion of N-VEN analysis in
addition to the parent drug and active metabolite could give a better estimate of the total
venlafaxine concentration in PM cases, and a high N-VEN concentration could suggest a
need for genotyping in both clinical tests and cause-of-death investigations.

The channelling of venlafaxine to more troubled patients might play a part in the high
toxicity indexes. There was also an indication that VEN possesses intrinsic suicide
potential approaching that of TCAs (Table 4). The relative CYP2D6 activity did not
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predispose to high venlafaxine concentrations, but the co-existence of a drug possessing
pharmacological interactions did. This result is in agreement with a Swedish post-
mortem study of citalopram, in which the authors suggested that pharmacokinetic
interactions were likely to play a more important role than pharmacogenetic deficiencies
in drug metabolism (Holmgren et al. 2004). Compared with other new antidepressants,
venlafaxine is associated with a greater risk of poisoning when taken in combination
with alcohol (Koski et al. 2005a). The vulnerability of venlafaxine to drug and alcohol
interactions is a notable factor in the fatalities. A multitude of drugs and alcohol are
common in suicides (Ohberg et al. 1996), but unintentional ADIs are a problem that
demands preventive measures. Nevertheless, it must be kept in mind that venlafaxine
does work well for most patients (Gutierrez et al. 2003). A meta-analysis compared the
effect of venlafaxine with that of other antidepressants and placebo and concluded that
venlafaxine appeared to be more effective than TCAs or SSRIs in treatment-resistant
depression (Bauer et al. 2009). In a study of risk factors for the sudden unexplained
death of psychiatric inpatients, venlafaxine was associated with a reduced odds ratio
(Windfuhr etal. 2010). Also, the cardiac toxicity associated with venlafaxine has recently
been questioned in a large population-based study (Martinez et al. 2010). The pros and
cons of VEN therapy should be evaluated for each patient and the possibility of drug and
alcohol interactions should be considered more carefully.

5 Nicotine and substance abuse

The prevalence of daily smoking among adults in Finland has been estimated to be 22%
for men and 16% for women by population-based surveys (Helakorpi 2010), which is
similar to the estimates for the white non-Hispanic population in the United states (23%
and 18%, respectively) (CDC, Centers for Disease Control and Prevention 2009). The
prevalence of nicotine findings among deceased young adults was roughly three times
higher, 75% (IV). Smoking has been shown to be most common among individuals with
a low level of education and low income (Giskes et al. 2005; Helakorpi et al. 2008), and
persons with mental health issues (Lasser et al. 2000; Leonard et al. 2001; Lawrence
et al. 2009). There are also indications that nicotine users have a higher risk of suicide
(Hughes 2008; Hawton and van Heeringen 2009; Berlin et al. 2010). However, the
proportion of deaths classified as suicides did not differentiate between the nicotine-
user and non-nicotine user groups; there were fewer deaths classified as natural in
the smokers group but no other differences were observed (IV). Based on the analysis
results over half (66%) of all the study cases included drugs that are used to treat
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mental problems, 52% were positive for alcohol, and 31% of the cases were abusers of
illicit and/or prescription drugs. The nicotine use prevalence among cases positive for
psychopharmaceuticals varied between 70% and 79% (posterior mean of prevalence)
among drug groups including antipsychotics, antidepressants, anxiolytics and hypnotics
and sedatives.

Smoking and alcohol use have been found to aggregate in the same users (Istvan and
Matarazzo 1984). This was also evident from the post-mortem analysis results, which
showed that positive blood alcohol (>0.2%0) was twice as common among the nicotine
users (mean 60%, 95% highest posterior density interval (HPDI) 57%-63%) as among
non-nicotine users (mean 30%, 95% HPDI 26%-35%). Previously, a high frequency
of smoking has also been observed among opioid addicts in methadone treatment
(Elkader et al. 2009). Buprenorphine has been more common in the treatment of opioid
dependence than methadone in Finland (Alho et al. 2007). Although the therapeutic use
of these drugs is carefully controlled, it does not seem to be effective in preventing their
abuse (IV). Other prescription drugs were also popular among drug abusers, especially
opioids such as fentanyl, oxycodone and tramadol. Amphetamine and cannabis were
the most frequent illicit drug findings. Overall, of all the drug abuse cases, 85% were
also positive for nicotine use. Recently, signals have surfaced about the abuse liability of
pregabalin (Vuori et al. 2009; Schwan et al. 2010), and the post-mortem data supports
this concern: the 42 cases of abuse represented 62% of all positive findings (n=68) (IV).
Pregabalin is a drug used for the treatment of epilepsy, neuropathic pain and generalized
anxiety disorder, but the abuse potential might not be acknowledged by prescribing
doctors.

Post-mortem studies of nicotine and smoking have so far been few in number and
limited to drug deaths (Hafezi etal. 2001) or concentrations in suicide cases and controls
(Moriya and Hashimoto 2004; Moriya et al. 2007). Tobacco use or smoking might not be
considered a relevant factor in a cause-of-death investigation, but recently two suicides
in the UK were reported with nicotine extracted from tobacco using internet-derived
instructions (Corkery et al. 2010). No such cases were observed in the study sample
of young adults (IV). The cases represented approximately 60% of all deceased young
adults nationwide during the study period. Even though confined to deceased persons,
the series can be considered representative and population-based. The results provide
information that can complement the picture obtained from the traditional survey
responders and help to estimate the true prevalence of nicotine use in society. It also
offers unique and reliable proof of the interconnection of nicotine and substance abuse.

48



CONCLUSIONS

The overall prevalence of adverse combinations of common drugs was relatively low in
the post-mortem toxicology database. Although adverse drug interactions do not seem
to be a major problem in cause-of-death investigations in general, their detection and
identification inanindividual case can be crucial, albeit difficult. Background information,
autopsy findings and toxicological analysis results are all needed for evaluating the role
of ADIs in fatalities. Drug interaction databases are of great assistance in keeping up
with the growing knowledge of ADIs.

Pharmacogeneticvariation poses further challenges for the interpretation of toxicological
results. However in the case of the new-generation antidepressant venlafaxine, which
has been previously related to an unexpectedly large number of fatalities, the genotypic
variation at CYP2D6 did not seem to be decisive. Instead, the presence of interacting
drugs was a prominent feature that was likely to contribute more to the fatalities.
Among suicides by antidepressants, venlafaxine was more often involved than SSRIs or
mirtazapine.

The observed increase in bleeding frequency in cases containing both paracetamol and
warfarin compared with their use alone supports the clinical evidence of an adverse
interaction. These results call for attention from medical professionals and possibly for
a re-evaluation of the presumed safety of this combination. The contraindicated use of

NSAIDs in warfarinized individuals was rare.

The presence of nicotine in 15-34 year old deceased young adults was roughly three
times more common than the smoking frequency estimates for the living population.
The toxicological findings in these cases supported previous observations about the
interconnection of nicotine and substance abuse and mental disorders, but not elevated
risk of suicide. The trend in prescription drug abuse was evident in this age group,
especially for buprenorphine, methadone, opioids and pregabalin.

A high medico-legal autopsy rate, frequent toxicological sampling, comprehensive
analytical procedures and the availability of referral and death certificate
information from the forensic pathologist create an excellent basis for toxicological
and pharmacoepidemiological research. The results derived from this constantly
accumulating data source are applicable for both clinical and post-mortem work.

49



ACKNOWLEDGEMENTS

This study was carried out at the Department of Forensic Medicine, Hjelt Institute,
University of Helsinki, in 2007-2011.

[ would like to express my gratitude to Professor (emeritus) Erkki Vuori, former Head
of the Department of Forensic Medicine, for giving me the opportunity to start my
scientific career in this unique work environment. I never experienced any shortage of
resources, equipment, supervision or sincere interest in the wellbeing of the personnel.
In particular, Erkki’s ability to maintain his childlike enthusiasm towards research is
truly enviable and inspiring to all of us who have had the pleasure to work with him.

[ am deeply grateful to my supervisors Docent Ilkka Ojanperd and Professor Antti
Sajantila for their advice, ideas and belief in me and in my ability to get through this
challenging but rewarding journey. The improvement in my scientific writing skills
can be credited entirely to Ilkka. I have also been fortunate to be trusted with various
tasks outside my thesis, which has nicely balanced the intensive research work, kept my
scientific thinking fresh and made me a better scientist.

The reviewers of this thesis, Docent Kari Poikolainen and Professor (emeritus) Pauli
Ylitalo, are thanked for their constructive and insightful comments (as is Erkki, who
volunteered to read the whole manuscript!). I also thank Philip Mason, BSc, for editing
the language.

[ want to thank all my colleagues who have been involved in the various errands
required in completing this thesis, it has truly been a team effort! [ am indebted to Jari
Nokua, MSc, and Dr. Ilpo Rasanen, who have taught me everything [ know about GC and
method development. Dr. Anna Pelander and Dr. Merja Ranta are thanked for their help
and expertise as is Dr. Johanna Sistonen for her help with genotyping. My co-authors
from the Department of Public Health, Professor Jaakko Kaprio, Dr. Ulla Broms, Dr. Kaisu
Keskitalo-Vuokko and Dr. Janne Pitkdniemi also made valuable contributions.

Special thanks go to Helena Liuha for her efforts with the archives and Riitta Mero for
her patience and help with numerous practical matters. Jari and Jaakko Pirhonen, MSc,
are acknowledged for the photography for my numerous presentations. Jari and Dr.
Pekka Ostman have also been irreplaceable for their help and advice with computers
and databases.

50



[ am most grateful to all my present and previous co-workers whose company I have
enjoyed greatly both at work and outside; there has never been a dull moment thanks
to Kaisa, Olli, Daniel, Soile, Jenni, Johanna, Liisa, Elli, Heidi, Heli, Joona, Susanna, Paivi,
Maria, Mira and Ressu. My warmest thanks go to my GC group co-worker Jaakko for his
friendship, help and support throughout the good and the difficult times.

I would like to express my deepest gratitude to my friends and especially my siblings,
Tiina and Teemu. Finally, I want to thank my parents, who have given me a wonderful
foundation for academic work and life in general; curiosity, persistence, humility and the
ability to cope with setbacks and value success have been invaluable during these years.

Helsinki, May 2011

Terhi Launiainen

51



REFERENCES

Alho H, Sinclair D, Vuori E, Holopainen A. Abuse liability of buprenorphine-naloxone
tablets in untreated IV drug users. Drug Alcohol Depend 2007; 88:75-78.

AMDIS software, 2006. http://chemdata.nist.gov/mass-spc/amdis/index.html (URL
last checked 13 May 2011).

Amery WK and ISPE. Why there is a need for pharmacovigilance. Pharmacoepidemiol
Drug Saf1999; 8:61-64.

Andrews FJ. Retroperitoneal haematoma after paracetamol increased anticoagulation.
Emerg Med ] 2002; 19:84-85.

Anzenbacher P and Anzenbacherova E. Cytochromes P450 and metabolism of
xenobiotics. Cell Mol Life Sci 2001; 58:737-747.

Au N and Rettie AE. Pharmacogenomics of 4-hydroxycoumarin anticoagulants. Drug
Metab Rev 2008; 40:355-375.

Bailey DG, Spence JD, Munoz C, Arnold JM. Interaction of citrus juices with felodipine and
nifedipine. Lancet 1991; 337:268-269.

Bates DW, Leape LL, Petrycki S. Incidence and preventability of adverse drug events in
hospitalized adults. J Gen Intern Med 1993; 8:289-294.

Battistella M, Mamdami MM, Juurlink DN, Rabeneck L, Laupacis A. Risk of upper
gastrointestinal hemorrhage in warfarin users treated with nonselective NSAIDs or
COX-2 inhibitors. Arch Intern Med 2005; 165:189-192.

Bauer M, Tharmanathan P, Volz HP, Moeller HJ, Freemantle N. The effect of venlafaxine
compared with other antidepressants and placebo in the treatment of major depression
: A meta-analysis. Eur Arch Psychiatry Clin Neurosci 2009; DOI 10.1007/s00406-008-
0849-0.

Bauman JL, Didomenico R], Galanter WL. Mechanisms, manifestations, and management
of digoxin toxicity in the modern era. Am J Cardiovasc Drugs 2006; 6:77-86.

Baxter K. Stockley’s Drug Interactions. 7* edition. Pharmaceutical Press, London; 2005.

Beijer H] and de Blaey CJ. Hospitalisations caused by adverse drug reactions (ADR): a
meta-analysis of observational studies. Pharm World Sci 2002; 24:46-54.

Benowitz NL, Dains KM, Dempsey D, Herrera B, Yu L, Jacob P, 3rd. Urine nicotine
metabolite concentrations in relation to plasma cotinine during low-level nicotine
exposure. Nicotine Tob Res 2009; 11:954-960.

52



Bergen H, Murphy E, Cooper ], Kapur N, Stalker C, Waters K, Hawton K. A comparative
study of non-fatal self-poisoning with antidepressants relative to prescribing in three
centres in England. J Affect Disord 2010; 123:95-101.

Berlin I, Chen H, Covey LS. Depressive mood, suicide ideation and anxiety in smokers who
do and smokers who do not manage to stop smoking after a target quit day. Addiction
2010; 105:2209-2216.

Bjorkman IK, Fastbom ], Schmidt IK, Bernsten CB, Pharmaceutical Care of the Elderly in
Europe Research (PEER) Group. Drug-drug interactions in the elderly. Ann Pharmacother
2002; 36:1675-1681.

Blier P, Ward HE, Tremblay P, Laberge L, Hebert C, Bergeron R. Combination of
antidepressant medications from treatment initiation for major depressive disorder: a
double-blind randomized study. Am ] Psychiatry 2010; 167:281-288.

Bosse GM, Spiller HA, Collins AM. A fatal case of venlafaxine overdose. ] Med Toxicol
2008; 4:18-20.

Bottone FG, Jr and Barry WT. Postmarketing surveillance of serious adverse events
associated with the use of rofecoxib from 1999-2002. Curr Med Res Opin 2009; 25:1535-
1550.

Bradford LD. CYP2D6 allele frequency in European Caucasians, Asians, Africans and
their descendants. Pharmacogenomics 2002; 3:229-243.

Buckley NA and McManus PR. Fatal toxicity of serotoninergic and other antidepressant
drugs: analysis of United Kingdom mortality data. BMJ 2002; 325:1332-1333.

Buckley NA and McManus PR. Changes in fatalities due to overdose of anxiolytic and
sedative drugs in the UK (1983-1999). Drug Saf 2004; 27:135-141.

Bottiger Y, Laine K, Andersson ML, Korhonen T, Molin B, Ovesjé ML, Tirkkonen T, Rane A,
Gustafsson LL, Eiermann B. SFINX-a drug-drug interaction database designed for clinical
decision support systems. Eur J Clin Pharmacol 2009; 65:627-633.

Cassidy S and Henry J. Fatal toxicity of antidepressant drugs in overdose. BMJ (Clinical
research Ed.) 1987; 295:1021-1024.

CDC, Centers for Disease Control and Prevention. Cigarette smoking among adults and
trends in smoking cessation - United States, 2008. MMWR Morb Mortal Wkly Rep 2009;
58:1227-1232.

Chan AN, Gunja N, Ryan C]. A comparison of venlafaxine and SSRIs in deliberate self-
poisoning. ] Med Toxicol 2010; 6:116-121.

53



Cheeta S, Schifano F, Oyefeso A, Webb L, Ghodse AH. Antidepressant-related deaths and
antidepressant prescriptions in England and Wales, 1998-2000. Br ] Psychiatry 2004;
184:41-47.

Chen YF, Avery A], Neil KE, Johnson C, Dewey ME, Stockley IH. Incidence and possible
causes of prescribing potentially hazardous/contraindicated drug combinations in
general practice. Drug Saf 2005; 28:67-80.

Chou WH, Yan FX, de Leon ], Barnhill ], Rogers T, Cronin M, Pho M, Xiao V, Ryder TB, Liu
WW, Teiling C, Wedlund PJ. Extension of a pilot study: impact from the cytochrome P450
2D6 polymorphism on outcome and costs associated with severe mental illness. ] Clin
Psychopharmacol 2000; 20:246-251.

Cohen RJ, Ek K, Pan CX. Complementary and alternative medicine (CAM) use by older
adults: a comparison of self-report and physician chart documentation. J Gerontol A Biol
Sci Med Sci 2002; 57:M223-M227.

Cole C,Jones L, McVeigh ], Kicman A, Syed Q, Bellis M. Adulterants in illicit drugs: a review
of empirical evidence. Drug Test Anal 2011; 3:89-96.

Corkery JM, Button ], Vento AE, Schifano F. Two UK suicides using nicotine extracted
from tobacco employing instructions available on the Internet. Forensic Sci Int 2010;
199:€9-13.

Dahl ML, Johansson I, Bertilsson L, Ingelman-Sundberg M, Sjoqvist F. Ultrarapid
hydroxylation of debrisoquine in a Swedish population. Analysis of the molecular genetic
basis. ] Pharmacol Exp Ther 1995; 274:516-520.

Dalton SO, Johansen C, Mellemkjaer L, Ngrgard B, Sgrensen HT, Olsen JH. Use of selective
serotonin reuptake inhibitors and risk of upper gastrointestinal tract bleeding: a
population-based cohort study. Arch Intern Med 2003; 163:59-64.

Danielson PB. The cytochrome P450 superfamily: biochemistry, evolution and drug
metabolism in humans. Curr Drug Metab 2002; 3:561-597.

de Abajo FJ, Rodriguez LA, Montero D. Association between selective serotonin reuptake
inhibitors and upper gastrointestinal bleeding: population based case-control study.
BM] 1999; 319:1106-1109.

Deecher DC, Beyer CE, Johnston G, Bray ], Shah S, Abou-Gharbia M, Andree TH.
Desvenlafaxine succinate: A new serotonin and norepinephrine reuptake inhibitor. J
Pharmacol Exp Ther 2006; 318:657-665.

Delaney]A, Opatrny L, BrophyJM, SuissaS.Drugdruginteractions betweenantithrombotic
medications and the risk of gastrointestinal bleeding. CMAJ 2007; 177:347-351.

54



Deshauer D. Venlafaxine (Effexor): concerns about increased risk of fatal outcomes in
overdose. CMAJ] 2007; 176:39-40.

Druid H and Holmgren P. A compilation of fatal and control concentrations of drugs in
postmortem femoral blood. J Forensic Sci 1997; 42:79-87.

Druid H, Holmgren P, Carlsson B, Ahlner J. Cytochrome P450 2D6 (CYP2D6) genotyping
on postmortem blood as a supplementary tool for interpretation of forensic toxicological
results. Forensic Sci Int 1999; 99:25-34.

Drummer OH. Post-mortem toxicology. Forensic Sci Int 2007; 165:199-203.

Drummer OH (editor) and Odell M (contributor). The Forensic pharmacology of drugs of
abuse. Arnold, London; 2001: 219-271.

Dumo PA and Kielbasa LA. Successful anticoagulation and continuation of tramadol
therapy in the setting of a tramadol-warfarin interaction. Pharmacotherapy 2006;
26:1654-1657.

Eap CB, Lessard E, Baumann P, Brawand-Amey M, Yessine MA, O’Hara G, Turgeon ]. Role
of CYP2D6 in the stereoselective disposition of venlafaxine in humans. Pharmacogenetics
2003; 13:39-47.

Ebbesen ], Buajordet I, Erikssen ], Brors O, Hilberg T, Svaar H, Sandvik L. Drug-related
deaths in a department of internal medicine. Arch Intern Med 2001; 161:2317-2323.

Edwards IR and Aronson JK. Adverse drug reactions: definitions, diagnosis, and
management. Lancet 2000; 356:1255-1259.

Egberts AC, Lenderink AW, de Koning FH, Leufkens HG. Channeling of three newly
introduced antidepressants to patients not responding satisfactorily to previous
treatment. J Clin Psychopharmacol 1997; 17:149-155.

Egger C, Muehlbacher M, Nickel M, Geretsegger C, Stuppaeck C. A case of recurrent
hyponatremia induced by venlafaxine. J Clin Psychopharmacol 2006; 26:439.

Egger SS, Drewe ], Schlienger RG. Potential drug-drug interactions in the medication of
medical patients at hospital discharge. Eur J Clin Pharmacol 2003; 58:773-778.

Eisenberg DM, Kessler RC, Foster C, Norlock FE, Calkins DR, Delbanco TL. Unconventional
medicine in the United States. Prevalence, costs, and patterns of use. N Engl ] Med 1993;
328:246-252.

Elkader AK, Brands B, Selby P, Sproule BA. Methadone-nicotine interactionsin methadone
maintenance treatment patients. J/ Clin Psychopharmacol 2009; 29:231-238.

55



Ereshefsky L. and Dugan D. Review of the pharmacokinetics, pharmacogenetics, and drug
interaction potential of antidepressants: focus on venlafaxine. Depress Anxiety 2000; 12
Suppl 1:30-44.

Eriksson S, Berg LM, Wadelius M, Alderborn A. Cytochrome p450 genotyping by
multiplexed real-time dna sequencing with pyrosequencing technology. Assay Drug Dev
Technol 2002; 1:49-59.

Evans L and Spelman M. The problem of non-compliance with drug therapy. Drugs 1983;
25:63-76.

Farmer RD and Pinder RM. Why do fatal overdose rates vary between antidepressants?
Acta Psychiatr Scand Suppl 1989; 354:25-35.

Feldstein AC, Smith DH, Perrin N, Yang X, Simon SR, Krall M, Sittig DF, Ditmer D, Platt
R, Soumerai SB. Reducing warfarin medication interactions: an interrupted time series
evaluation. Arch Intern Med 2006; 166:1009-1015.

Ferner RE. Post-mortem clinical pharmacology. Br J Clin Pharmacol 2008; 66:430-443.

Flanagan R]J. Fatal toxicity of drugs used in psychiatry. Hum Psychopharmacol 2008; 23
Suppl 1:43-51.

Flanagan R], Connally G, Evans JM. Analytical toxicology: guidelines for sample collection
postmortem. Toxicol Rev 2005; 24:63-71.

Fogelman SM, Schmider ], Venkatakrishnan K, von Moltke LL, Harmatz JS, Shader R],
Greenblatt D]. O- and N-demethylation of venlafaxine in vitro by human liver microsomes
and by microsomes from cDNA-transfected cells: effect of metabolic inhibitors and SSRI
antidepressants. Neuropsychopharmacology 1999; 20:480-490.

Fukuda T, Nishida Y, Zhou Q, Yamamoto I, Kondo S, Azuma ]. The impact of the CYP2D6
and CYP2C19 genotypes on venlafaxine pharmacokinetics in a Japanese population. Eur
J Clin Pharmacol 2000; 56:175-180.

Gadisseur AP, Van Der Meer F], Rosendaal FR. Sustained intake of paracetamol
(acetaminophen) during oral anticoagulant therapy with coumarins does not cause
clinically important INR changes: a randomized double-blind clinical trial. | Thromb
Haemost 2003; 1:714-717.

Gaedigk A, Simon SD, Pearce RE, Bradford LD, Kennedy MJ, Leeder ]S. The CYP2D6 activity
score: translating genotype information into a qualitative measure of phenotype. Clin
Pharmacol Ther 2008; 83:234-242.

56



Gage BF, Eby C, Johnson JA, Deych E, Rieder MJ, Ridker PM, Milligan PE, Grice G, Lenzini P,
Rettie AE, Aquilante CL, Grosso L, Marsh S, Langaee T, Farnett LE, Voora D, Veenstra DL,
Glynn R], Barrett A, McLeod HL. Use of pharmacogenetic and clinical factors to predict
the therapeutic dose of warfarin. Clin Pharmacol Ther 2008; 84:326-331.

Gardiner S] and Begg E]. Pharmacogenetics, drug-metabolizing enzymes, and clinical
practice. Pharmacol Rev 2006; 58:521-590.

Gartlehner G, Thieda P, Hansen RA, Gaynes BN, Deveaugh-Geiss A, Krebs EE, Lohr KN.
Comparative risk for harms of second-generation antidepressants: a systematic review
and meta-analysis. Drug Saf 2008; 31:851-865.

Gasche Y, Daali Y, Fathi M, Chiappe A, Cottini S, Dayer P, Desmeules ]. Codeine intoxication
associated with ultrarapid CYP2D6 metabolism. N Engl ] Med 2004; 351:2827-2831.

Gasse C, Hollowell ], Meier CR, Haefeli WE. Drug interactions and risk of acute bleeding
leading to hospitalisation or death in patients with chronic atrial fibrillation treated
with warfarin. Thromb Haemost 2005; 94:537-543.

Gebauer MG, Nyfort-Hansen K, Henschke PJ, Gallus AS. Warfarin and acetaminophen
interaction. Pharmacotherapy 2003; 23:109-112.

Giskes K, Kunst AE, Benach |, Borrell C, Costa G, Dahl E, Dalstra JA, Federico B, Helmert
U, Judge K, Lahelma E, Moussa K, Ostergren PO, Platt S, Prattala R, Rasmussen NK,
Mackenbach JP. Trends in smoking behaviour between 1985 and 2000 in nine European
countries by education. ] Epidemiol Community Health 2005; 59:395-401.

Glintborg B, Andersen SE, Dalhoff K. Drug-drug interactions among recently hospitalised
patients--frequent but mostly clinically insignificant. EurJ Clin Pharmacol 2005; 61:675-
681.

Goeringer KE, McIntyre IM, Drummer OH. Postmortem tissue concentrations of
venlafaxine. Forensic Sci Int 2001; 121:70-75.

Goetz MP, Kamal A, Ames MM. Tamoxifen pharmacogenomics: the role of CYP2D6 as a
predictor of drug response. Clin Pharmacol Ther 2008; 83:160-166.

Greenblatt D] and von Moltke LL. Interaction of warfarin with drugs, natural substances,
and foods. J Clin Pharmacol 2005; 45:127-132.

Gronroos PE, Irjala KM, Huupponen RK, Scheinin H, Forsstrom ], Forsstrom ]]. A
medication database - a tool for detecting drug interactions in hospital. Eur J Clin
Pharmacol 1997; 53:13-17.

Guengerich FP. Cytochrome P-450 3A4: regulation and role in drug metabolism. Annu
Rev Pharmacol Toxicol 1999; 39:1-17.

57



Gutierrez MA, Stimmel GL, Aiso JY. Venlafaxine: a 2003 update. Clin Ther 2003; 25:2138-
2154.

Hafezi M, Bohnert M, Weinmann W, Pollak S. Prevalence of nicotine consumption in drug
deaths. Forensic Sci Int 2001; 119:284-289.

Hawton K, Bergen H, Simkin S, Cooper ], Waters K, Gunnell D, Kapur N. Toxicity of
antidepressants: rates of suicide relative to prescribing and non-fatal overdose. Br |
Psychiatry 2010; 196:354-358.

Hawton K and van Heeringen K. Suicide. Lancet 2009; 373:1372-1381.

Hedenmalm K, Lindh ]JD, Sawe ], Rane A. Increased liability of tramadol-warfarin
interaction in individuals with mutations in the cytochrome P450 2D6 gene. Eur J Clin
Pharmacol 2004; 60:369-372.

Heeley E, Riley ], Layton D, Wilton LV, Shakir SA. Prescription-event monitoring and
reporting of adverse drug reactions. Lancet 2001; 358:1872-1873.

Heerdink ER, Hugenholtz GW, Meijer WE, Egberts AC. Channelling new antidepressants
to problem patients may be factor in fatal toxicity. BMJ 2003; 326:600.

Heikkila T, Lekander T, Raunio H. Use of an online surveillance system for screening
drug interactions in prescriptions in community pharmacies. Eur J Clin Pharmacol 2006;
62:661-665.

Helakorpi SA, Martelin TP, Torppa JO, Patja KM, Kiiskinen UA, Vartiainen EA, Uutela AK.
Did the Tobacco Control Act Amendment in 1995 affect daily smoking in Finland? Effects
of a restrictive workplace smoking policy. J Public Health (Oxf) 2008; 30:407-414.

Heller T, Kirchheiner ], Armstrong VW, Luthe H, Tzvetkov M, Brockmoller ], Oellerich M.
AmpliChip CYP450 GeneChip: a new gene chip that allows rapid and accurate CYP2D6
genotyping. Ther Drug Monit 2006; 28:673-677.

Hendset M, Haslemo T, Rudberg I, Refsum H, Molden E. The complexity of active
metabolites in therapeutic drug monitoring of psychotropic drugs. Pharmacopsychiatry
2006; 39:121-127.

Hermann M, Hendset M, Fosaas K, Hjerpset M, Refsum H. Serum concentrations of
venlafaxine and its metabolites O-desmethylvenlafaxine and N-desmethylvenlafaxine
in heterozygous carriers of the CYP2D6*3, *4 or *5 allele. Eur J Clin Pharmacol 2008;
64:483-487.

Hersh EV, Pinto A, Moore PA. Adverse drug interactions involving common prescription
and over-the-counter analgesic agents. Clin Ther 2007; 29 Suppl:2477-2497.

58



Hirsh ], Dalen ], Anderson DR, Poller L, Bussey H, Ansell ], Deykin D. Oral anticoagulants:
mechanism of action, clinical effectiveness, and optimal therapeutic range. Chest 2001;
119:8S-21S.

Holbrook AM, Pereira JA, Labiris R, McDonald H, Douketis JD, Crowther M, Wells PS.
Systematic overview of warfarin and its drug and food interactions. Arch Intern Med
2005; 165:1095-1106.

Holliday SM and Benfield P. Venlafaxine. A review of its pharmacology and therapeutic
potential in depression. Drugs 1995; 49:280-294.

Holmgren P, Carlsson B, Zackrisson AL, Lindblom B, Dahl ML, Scordo MG, Druid H, Ahlner
J. Enantioselective analysis of citalopram and its metabolites in postmortem blood and
genotyping for CYD2D6 and CYP2C19. J Anal Toxicol 2004; 28:94-104.

Holmgren P and Jones AW. Coexistence and concentrations of ethanol and diazepam in
postmortem blood specimens: risk for enhanced toxicity? J Forensic Sci 2003; 48:1416-
1421.

Home Page of the Human Cytochrome P450 (CYP) Allele Nomenclature Committee,
2008. www.cypalleles.ki.se (URL last checked 17 March 2011).

Hosia-Randell HM, Muurinen SM, Pitkdld KH. Exposure to potentially inappropriate
drugs and drug-drug interactions in elderly nursing home residents in Helsinki, Finland:
a cross-sectional study. Drugs Aging 2008; 25:683-692.

Hovstadius B, Hovstadius K, Astrand B, Petersson G. Increasing polypharmacy - an
individual-based study of the Swedish population 2005-2008. BMC Clin Pharmacol
2010; 10:16.

Howard PA, Ellerbeck EF, Engelman KK, Patterson KL. The nature and frequency of
potential warfarin drug interactions that increase the risk of bleeding in patients with
atrial fibrillation. Pharmacoepidemiol Drug Saf 2002; 11:569-576.

Howell C, Wilson AD, Waring WS. Cardiovascular toxicity due to venlafaxine poisoning in
adults: a review of 235 consecutive cases. Br J Clin Pharmacol 2007; 64:192-197.

Hughes JR. Smoking and suicide: a brief overview. Drug Alcohol Depend 2008; 98:169-
178.

Hylek EM, Heiman H, Skates S], Sheehan MA, Singer DE. Acetaminophen and other risk
factors for excessive warfarin anticoagulation. JAMA 1998; 279:657-662.

Hakonsen GD, Pettersen MH, Skurtveit S, Giverhaug T. Concomitant use of warfarin,
analgesics and anti-inflammatory agents. Tidsskr Nor Laegeforen 2009; 129:1217-1220.

59



Indermitte |, Erba L, Beutler M, Bruppacher R, Haefeli WE, Hersberger KE. Management
of potential drug interactions in community pharmacies: a questionnaire-based survey
in Switzerland. Eur J Clin Pharmacol 2007; 63:297-305.

Ingelman-Sundberg M. Genetic polymorphisms of cytochrome P450 2D6 (CYP2D6):
clinical consequences, evolutionary aspects and functional diversity. Pharmacogenomics
J2005; 5:6-13.

Ingelman-Sundberg M, Sim SC, Gomez A, Rodriguez-Antona C. Influence of cytochrome
P450 polymorphisms on drug therapies: pharmacogenetic, pharmacoepigenetic and
clinical aspects. Pharmacol Ther 2007; 116:496-526.

Isbister GK, Buckley NA, Whyte IM. Serotonin toxicity: a practical approach to diagnosis
and treatment. Med | Aust 2007; 187:361-365.

Istvan ] and Matarazzo JD. Tobacco, alcohol, and caffeine use: a review of their
interrelationships. Psychol Bull 1984; 95:301-326.

Jaffe PD, Batziris HP, van der Hoeven P, DeSilva D, McIntyre IM. A study involving
venlafaxine overdoses: comparison of fatal and therapeutic concentrations in
postmortem specimens. |/ Forensic Sci 1999; 44:193-196.

Johansson I and Ingelman-Sundberg M. Genetic Polymorphism and Toxicology - with
Emphasis on Cytochrome P450. Toxicol Sci 2010; 120:1-13.

Johnell K, Weitoft GR, Fastbom ]. Sex differences in inappropriate drug use: a register-
based study of over 600,000 older people. Ann Pharmacother 2009; 43:1233-1238.

Jones AW and Holmgren P. Comparison of blood-ethanol concentration in deaths
attributed to acute alcohol poisoning and chronic alcoholism. J Forensic Sci 2003;
48:874-879.

Jones AW, Kugelberg FC, Holmgren A, Ahlner ]. Drug poisoning deaths in Sweden show a
predominance of ethanol in mono-intoxications, adverse drug-alcohol interactions and
poly-drug use. Forensic Sci Int 2010; 206:43-51.

Jones AW and Larsson H. Distribution of diazepam and nordiazepam between plasma
and whole blood and the influence of hematocrit. Ther Drug Monit 2004; 26:380-385.

Juntti-Patinen L and Neuvonen PJ. Drug-related deaths in a university central hospital.
Eur ] Clin Pharmacol 2002; 58:479-482.

Jonsson AK, Hakkarainen KM, Spigset O, Druid H, Hiselius A, Hagg S. Preventable drug
related mortality in a Swedish population. Pharmacoepidemiol Drug Saf 2010; 19:211-
215.

60



Jonsson AK, Jacobsson I, Andersson M, Hagg S. Stor underrapportering av
hjarnblédning som ldkemedelsbiverkning. Antikoagulantia och NSAID misstanks orsaka
komplikationen. Lakartidningen 2006; 103:3456-3458. (In Swedish, English summary)

Kampffmeyer HG, Hartmann I, Metz H, Breault GO, Skeggs HR, Till AE, Weidner L. Serum
concentrations of ampicillin and probenecid and ampicillin excretion after repeated oral
administration of a pivampicillin-probenecid salt (MK-356). Eur J Clin Pharmacol 1975;
9:125-129.

Kawanishi C, Lundgren S, Agren H, Bertilsson L. Increased incidence of CYP2D6 gene
duplication in patients with persistent mood disorders: ultrarapid metabolism of
antidepressants as a cause of nonresponse. A pilot study. Eur J Clin Pharmacol 2004;
59:803-807.

Kelly CA, Dhaun N, Laing W], Strachan FE, Good AM, Bateman DN. Comparative toxicity
of citalopram and the newer antidepressants after overdose. J Toxicol Clin Toxicol 2004;
42:67-71.

Keshava C, McCanlies EC, Weston A. CYP3A4 polymorphisms - potential risk factors for
breast and prostate cancer: a HuGE review. Am ] Epidemiol 2004; 160:825-841.

King LA and Corkery JM. An index of fatal toxicity for drugs of misuse. Hum
Psychopharmacol 2010; 25:162-166.

King LA and Moffat AC. Hypnotics and sedatives: an index of fatal toxicity. Lancet 1981;
1:387-388.

King LA and Moffat AC. A possible index of fatal drug toxicity in humans. Med Sci Law
1983; 23:193-198.

Kingbdck M, Josefsson M, Karlsson L, Ahlner ], Bengtsson F, Kugelberg FC, Carlsson B.
Stereoselective determination of venlafaxine and its three demethylated metabolites in
human plasma and whole blood by liquid chromatography with electrospray tandem
mass spectrometric detection and solid phase extraction. ] Pharm Biomed Anal 2010;
53:583-590.

Kirchheiner ], Nickchen K, Bauer M, Wong ML, Licinio ], Roots I, Brockmoller J.
Pharmacogenetics of antidepressants and antipsychotics: the contribution of allelic
variations to the phenotype of drug response. Mol Psychiatry 2004; 9:442-473.

Kongkaew C, Noyce PR, Ashcroft DM. Hospital admissions associated with adverse drug
reactions: a systematic review of prospective observational studies. Ann Pharmacother
2008;42:1017-1025.

Koren G, Cairns ], Chitayat D, Gaedigk A, Leeder S]. Pharmacogenetics of morphine
poisoning in a breastfed neonate of a codeine-prescribed mother. Lancet 2006; 368:704.

61



Koren G and MacLeod SM. Postmortem redistribution of digoxin in rats. ] Forensic Sci
1985; 30:92-96.

Koski A, Ojanperd I, Sistonen ], Vuori E, Sajantila A. A fatal doxepin poisoning associated
with a defective CYP2D6 genotype. Am J Forensic Med Pathol 2007a; 28:259-261.

Koski A, Ojanpera I, Vuori E. Alcohol and benzodiazepines in fatal poisonings. Alcohol
Clin Exp Res 2002; 26:956-959.

Koski A, Ojanpera I, Vuori E. Interaction of alcohol and drugs in fatal poisonings. Hum
Exp Toxicol 2003; 22:281-287.

Koski A, Siren R, Vuori E, Poikolainen K. Alcohol tax cuts and increase in alcohol-positive
sudden deaths: a time-series intervention analysis. Addiction 2007b; 102:362-368.

Koski A, Sistonen ], Ojanpera I, Gergov M, Vuori E, Sajantila A. CYP2D6 and CYP2C19
genotypes and amitriptyline metabolite ratios in a series of medicolegal autopsies.
Forensic Sci Int 2006; 158:177-183.

Koski A, Vuori E, Ojanpera I. Newer antidepressants: evaluation of fatal toxicity index
and interaction with alcohol based on Finnish postmortem data. Int J Legal Med 2005a;
119:344-348.

KoskiA, VuoriE, Ojanperal.Relation of postmortemblood alcoholand drugconcentrations
in fatal poisonings involving amitriptyline, propoxyphene and promazine. Hum Exp
Toxicol 2005b; 24:389-396.

Krishna DR and Klotz U. Extrahepatic metabolism of drugs in humans. Clin Pharmacokinet
1994; 26:144-160.

Kroon LA. Drug interactions with smoking. Am | Health Syst Pharm 2007; 64:1917-1921.

Kwan D, Bartle WR, Walker SE. The effects of acetaminophen on pharmacokinetics and
pharmacodynamics of warfarin. J Clin Pharmacol 1999; 39:68-75.

Laks S, Pelander A, Vuori E, Ali-Tolppa E, Sippola E, Ojanpera I. Analysis of street drugs in
seized material without primary reference standards. Anal Chem 2004; 76:7375-7379.

Lamba JK, Lin YS, Schuetz EG, Thummel KE. Genetic contribution to variable human
CYP3A-mediated metabolism. Adv Drug Deliv Rev 2002; 54:1271-1294.

Lamba V, Panetta JC, Strom S, Schuetz EG. Genetic predictors of interindividual
variability in hepatic CYP3A4 expression. ] Pharmacol Exp Ther 2010; 332:1088-1099.

Lampela P, Hartikainen S, Sulkava R, Huupponen R. Adverse drug effects in elderly
people - a disparity between clinical examination and adverse effects self-reported by
the patient. Eur J Clin Pharmacol 2007; 63:509-515.

62



Langford NJ, Martin U, Ruprah M, Ferner RE. Alternative venlafaxine kinetics in overdose.
J Clin Pharm Ther 2002; 27:465-467.

Lasser K, Boyd JW, Woolhandler S, Himmelstein DU, McCormick D, Bor DH. Smoking and
mental illness: A population-based prevalence study. JAMA 2000; 284:2606-2610.

Lawrence D, Mitrou F, Zubrick SR. Smoking and mental illness: results from population
surveys in Australia and the United States. BMC Public Health 2009; 9:285.

Lazarou ], Pomeranz BH, Corey PN. Incidence of adverse drug reactions in hospitalized
patients: a meta-analysis of prospective studies. JAMA 1998; 279:1200-1205.

Lehmann DE. Enzymatic shunting: resolving the acetaminophen-warfarin controversy.
Pharmacotherapy 2000; 20:1464-1468.

Leikin JB and Watson WA. Post-mortem toxicology: what the dead can and cannot tell us.
] Toxicol Clin Toxicol 2003; 41:47-56.

Leonard S, Adler LE, Benhammou K, Berger R, Breese CR, Drebing C, Gault ], Lee M],
Logel ], Olincy A, Ross RG, Stevens K, Sullivan B, Vianzon R, Virnich DE, Waldo M, Walton
K, Freedman R. Smoking and mental illness. Pharmacol Biochem Behav 2001; 70:561-
570.

Leone R, Magro L, Moretti U, Cutroneo P, Moschini M, Motola D, Tuccori M, Conforti A.
Identifying adverse drug reactions associated with drug-drug interactions: data mining
of a spontaneous reporting database in Italy. Drug Saf2010; 33:667-675.

Lessard E, Yessine MA, Hamelin BA, Gauvin C, Labbe L, O’Hara G, LeBlanc ], Turgeon
J. Diphenhydramine alters the disposition of venlafaxine through inhibition of CYP2D6
activity in humans. J Clin Psychopharmacol 2001; 21:175-184.

Levine B, Jenkins AJ], Queen M, Jufer R, Smialek JE. Distribution of venlafaxine in three
postmortem cases. /| Anal Toxicol 1996; 20:502-505.

Levo A, Koski A, Ojanpera I, Vuori E, Sajantila A. Post-mortem SNP analysis of CYP2D6
gene reveals correlation between genotype and opioid drug (tramadol) metabolite
ratios in blood. Forensic Sci Int 2003; 135:9-15.

Li TK, Volkow ND, Baler RD, Egli M. The biological bases of nicotine and alcohol co-
addiction. Biol Psychiatry 2007; 61:1-3.

Lobello KW, Preskorn SH, Guico-Pabia CJ, Jiang Q, Paul ], Nichols Al, Patroneva A, Ninan
PT. Cytochrome P450 2D6 phenotype predicts antidepressant efficacy of venlafaxine:
a secondary analysis of 4 studies in major depressive disorder. J Clin Psychiatry 2010;
71:1482-1487.

63



Lgvlie R, Daly AK, Matre GE, Molven A, Steen VM. Polymorphisms in CYP2D6 duplication-
negative individuals with the ultrarapid metabolizer phenotype: arole for the CYP2D6*35
allele in ultrarapid metabolism? Pharmacogenetics 2001; 11:45-55.

Lown KS, Bailey DG, Fontana R], Janardan SK, Adair CH, Fortlage LA, Brown MB, Guo
W, Watkins PB. Grapefruit juice increases felodipine oral availability in humans by
decreasing intestinal CYP3A protein expression. J Clin Invest 1997; 99:2545-2553.

Lunetta P, Levo A, Laitinen PJ, Fodstad H, Kontula K, Sajantila A. Molecular screening of
selected long QT syndrome (LQTS) mutations in 165 consecutive bodies found in water.
Int] Legal Med 2003; 117:115-117.

Mahe [, Bertrand N, Drouet L, Bal Dit Sollier C, Simoneau G, Mazoyer E, Caulin C,
Bergmann JF. Interaction between paracetamol and warfarin in patients: a double-blind,
placebo-controlled, randomized study. Haematologica 2006; 91:1621-1627.

Mahe, Bertrand N, Drouet L, Simoneau G, Mazoyer E, Bal dit Sollier C, Caulin C, Bergmann
JE. Paracetamol: a haemorrhagic risk factor in patients on warfarin. Br J Clin Pharmacol
2005; 59:371-374.

Malone DC, Hutchins DS, Haupert H, Hansten P, Duncan B, Van Bergen RC, Solomon SL,
Lipton RB. Assessment of potential drug-drug interactions with a prescription claims
database. Am J Health Syst Pharm 2005; 62:1983-1991.

Martinez C, Assimes TL, Mines D, Dell’aniello S, Suissa S. Use of venlafaxine compared
with other antidepressants and the risk of sudden cardiac death or near death: a nested
case-control study. BMJ 2010; 340:c249.

Megarbane B, Bloch V, Deye N, Baud F]. Pharmacokinetic/pharmacodynamic modelling
of cardiac toxicity in venlafaxine overdose. Intensive Care Med 2007; 33:195-6; author
reply 197.

Mines D, Hill D, Yu H, Novelli L. Prevalence of risk factors for suicide in patients prescribed
venlafaxine, fluoxetine, and citalopram. Pharmacoepidemiol Drug Saf 2005; 14:367-372.

Moffat AC, Osselton MD, Widdop B, Galichet LY. Clarke’s Analysis of Drugs and Poisons.
3 edition, Volume 2. Pharmaceutical Press, London & Chigaco, IL; 2004.

Morgan O, Griffiths C, Baker A, Majeed A. Fatal toxicity of antidepressants in England and
Wales, 1993-2002. Health Stat Q 2004; (23):18-24.

Moriya F and Hashimoto Y. Nicotine and cotinine levels in blood and urine from forensic
autopsy cases. Leg Med (Tokyo) 2004; 6:164-169.

Moriya F, Hashimoto Y, Furumiya J. Nicotine and cotinine levels in body fluids of smokers
who committed suicide. Forensic Sci Int 2007; 168:102-105.

64



Mounteney ] and Haugland S. Earlier warning: a multi-indicator approach to monitoring
trends in the illicit use of medicines. Int J Drug Policy 2009; 20:161-169.

Mozayani A and Raymon LP. Handbook of drug interactions. A clinical and forensic guide,
15t edition. Humana Press, Totowa, NJ; 2003.

Narum S, Solhaug V, Myhr K, Johansen PW, Brors O, Kringen MK. Warfarin-associated
bleeding events and concomitant use of potentially interacting medicines reported to
the Norwegian spontaneous reporting system. Br J Clin Pharmacol 2011; 71:254-262.

Nelson DR. The cytochrome p450 homepage. Hum Genomics 2009; 4:59-65.

Neuvonen PJ, Pohjola-Sintonen S, Tacke U, Vuori E. Five fatal cases of serotonin syndrome
after moclobemide-citalopram or moclobemide-clomipramine overdoses. Lancet 1993;
342:1419.

Nichols Al, Lobello K, Guico-Pabia C], Paul ], Preskorn SH. Venlafaxine metabolism as
a marker of cytochrome P450 enzyme 2D6 metabolizer status. J Clin Psychopharmacol
2009; 29:383-386.

Niemi M. Transporter pharmacogenetics and statin toxicity. Clin Pharmacol Ther 2010;
87:130-133.

Ntzoufras I. Bayesian modelling using WinBUGS. John Wiley & Sons, Inc., NJ; 2009.

Nutt D], King LA, Phillips LD, Independent Scientific Committee on Drugs. Drug harms in
the UK: a multicriteria decision analysis. Lancet 2010; 376:1558-1565.

Ohberg A, Vuori E, Ojanpera I, Lonngvist ]. Alcohol and drugs in suicides. Br ] Psychiatry
1996; 169:75-80.

Ojanpera I, Gergov M, Liiv M, Riikoja A, Vuori E. An epidemic of fatal 3-methylfentanyl
poisoning in Estonia. Int J Legal Med 2008; 122:395-400.

Ojanpera I, Rasanen I, Vuori E. Automated quantitative screening for acidic and neutral
drugs in whole blood by dual-column capillary gas chromatography. ] Anal Toxicol 1991;
15:204-208.

Ojanpera S, Pelander A, Pelzing M, Krebs I, Vuori E, Ojanpera 1. Isotopic pattern and
accurate mass determination in urine drug screening by liquid chromatography/time-
of-flight mass spectrometry. Rapid Commun Mass Spectrom 2006; 20:1161-1167.

OpenBUGS software, 2010. www.openbugs.info (URL last checked 15 March 2011).

Ornetti P, Ciappuccini R, Tavernier C, Maillefert JF. Interaction between paracetamol and
oral anticoagulants. Rheumatology (Oxford) 2005; 44:1584-1585.

65



Osselton MD, Blackmore RC, King LA, Moffat AC. Poisoning-associated deaths for England
and Wales between 1973 and 1980. Hum Toxicol 1984; 3:201-221.

Osselton MD, Hammond MD, Moffat AC. Distribution of drugs and toxic chemicals in
blood. ] Forensic Sci Soc 1980; 20:187-193.

Otton SV, Ball SE, Cheung SW, Inaba T, Rudolph RL, Sellers EM. Venlafaxine oxidation in
vitro is catalysed by CYP2D6. Br ] Clin Pharmacol 1996; 41:149-156.

Parra D, Beckey NP, Stevens GR. The effect of acetaminophen on the international
normalized ratio in patients stabilized on warfarin therapy. Pharmacotherapy 2007;
27:675-683.

Pelander A, Ojanpera I, Laks S, Rasanen I, Vuori E. Toxicological screening with
formula-based metabolite identification by liquid chromatography/time-of-flight mass
spectrometry. Anal Chem 2003; 75:5710-5718.

Peng CC, Glassman PA, Marks IR, Fowler C, Castiglione B, Good CB. Retrospective drug
utilization review: incidence of clinically relevant potential drug-drug interactions in a
large ambulatory population. ] Manag Care Pharm 2003; 9:513-522.

Petersen EE, Rasmussen SA, Daniel KL, Yazdy MM, Honein MA. Prescription medication
borrowing and sharing among women of reproductive age. ] Womens Health (Larchmt)
2008; 17:1073-1080.

Petkovic SM, Simic MA, Vujic DN. Postmortem production of ethanol in different tissues
under controlled experimental conditions. ] Forensic Sci 2005; 50:204-208.

Pilgrim JL, Gerostamoulos D, Drummer OH. Deaths involving contraindicated and
inappropriate combinations of serotonergic drugs. Int ] Legal Med 2010a; DO1 10.1007/
s00414-010-0536-3.

Pilgrim JL, Gerostamoulos D, Drummer OH. Review: Pharmacogenetic aspects of the
effect of cytochrome P450 polymorphisms on serotonergic drug metabolism, response,
interactions, and adverse effects. Forensic Sci Med Pathol 2010b; 7:162-184.

Pilgrim JL, Gerostamoulos D, Drummer OH. Deaths involving serotonergic drugs. Forensic
Sci Int 2010c; 198:110-117.

Pirmohamed M, Breckenridge AM, Kitteringham NR, Park BK. Adverse drug reactions.
BMJ 1998; 316:1295-1298.

Pirmohamed M, James S, Meakin S, Green C, Scott AK, Walley TJ, Farrar K, Park BK,
Breckenridge AM. Adverse drug reactions as cause of admission to hospital: prospective
analysis of 18 820 patients. BMJ 2004; 329:15-109.

66



Poikolainen K, Leppanen K, Vuori E. Alcohol sales and fatal alcohol poisonings: a time-
series analysis. Addiction 2002; 97:1037-1040.

Pounder D] and Jones GR. Post-mortem drug redistribution - a toxicological nightmare.
Forensic Sci Int 1990; 45:253-263.

Preskorn S, Patroneva A, Silman H, Jiang Q, Isler JA, Burczynski ME, Ahmed S, Paul ],
Nichols Al. Comparison of the pharmacokinetics of venlafaxine extended release
and desvenlafaxine in extensive and poor cytochrome P450 2D6 metabolizers. | Clin
Psychopharmacol 2009; 29:39-43.

Preskorn SH. Fatal drug-drug interaction as a differential consideration in apparent
suicides. J Psychiatr Pract 2002; 8:233-238.

Preskorn SH. Understanding outliers on the usual dose-response curve: venlafaxine
as a way to phenotype patients in terms of their CYP2D6 status and why it matters. J
Psychiatr Pract 2010; 16:46-49.

Preskorn SH and Baker B. Fatality associated with combined fluoxetine-amitriptyline
therapy. JAMA 1997; 277:1682.

Rasanen I, Kontinen I, Nokua |, Ojanpera [, Vuori E. Precise gas chromatography with
retention time locking in comprehensive toxicological screening for drugs in blood. J
Chromatogr B Analyt Technol Biomed Life Sci 2003; 788:243-250.

Rasanen [, Ojanpera I, Vuori E. Quantitative screening for benzodiazepines in blood by
dual-column gas chromatography and comparison of the results with urine immunoassay.
J Anal Toxicol 2000; 24:46-53.

Rau T, Wohlleben G, Wuttke H, Thuerauf N, Lunkenheimer ], Lanczik M, Eschenhagen T.
CYP2D6 genotype: impact on adverse effects and nonresponse during treatment with
antidepressants-a pilot study. Clin Pharmacol Ther 2004; 75:386-393.

Reis AM and Cassiani SH. Adverse drug events in an intensive care unit of a university
hospital. Eur J Clin Pharmacol 2011; 67:625-632.

Reis M, Aamo T, Ahlner ], Druid H. Reference concentrations of antidepressants. A
compilation of postmortem and therapeutic levels. J Anal Toxicol 2007; 31:254-264.

Reis M, Aamo T, Spigset O, Ahlner J. Serum concentrations of antidepressant drugs in a
naturalistic setting: compilation based on a large therapeutic drug monitoring database.
Ther Drug Monit 2009; 31:42-56.

Rendic S. Summary of information on human CYP enzymes: human P450 metabolism
data. Drug Metab Rev 2002; 34:83-448.

67



Rodda KE and Drummer OH. The redistribution of selected psychiatric drugs in post-
mortem cases. Forensic Sci Int 2006; 164:235-239.

Rogde S, Hilberg T, Teige B. Fatal combined intoxication with new antidepressants.
Human cases and an experimental study of postmortem moclobemide redistribution.
Forensic Sci Int 1999; 100:109-116.

Roxanas M, Hibbert E, Field M. Venlafaxine hyponatraemia: incidence, mechanism and
management. Aust N Z ] Psychiatry 2007; 41:411-418.

Rubino A, Roskell N, Tennis P, Mines D, Weich S, Andrews E. Risk of suicide during
treatment with venlafaxine, citalopram, fluoxetine, and dothiepin: retrospective cohort
study. BMJ 2007; 334:242.

Saarikoski ST, Sata F, Husgafvel-Pursiainen K, Rautalahti M, Haukka ], Impivaara O,
Jarvisalo ], Vainio H, Hirvonen A. CYP2D6 ultrarapid metabolizer genotype as a potential
modifier of smoking behaviour. Pharmacogenetics 2000; 10:5-10.

Sabbe JR, Sims PJ], Sims MH. Tramadol-warfarin interaction. Pharmacotherapy 1998;
18:871-873.

Sachse C, Brockmoller ], Bauer S, Roots I. Cytochrome P450 2D6 variants in a Caucasian
population: allele frequencies and phenotypic consequences. Am | Hum Genet 1997;
60:284-295.

Sajantila A, Palo JU, Ojanpera I, Davis C, Budowle B. Pharmacogenetics in medico-legal
context. Forensic Sci Int 2010; 203:44-52.

Sallee FR, DeVane CL, Ferrell RE. Fluoxetine-related death in a child with cytochrome
P-450 2D6 genetic deficiency. J Child Adolesc Psychopharmacol 2000; 10:27-34.

Scher ML, Huntington NH, Vitillo JA. Potential interaction between tramadol and
warfarin. Ann Pharmacother 1997; 31:646-647.

Schulz M and Schmoldt A. Therapeutic and toxic blood concentrations of more than 800
drugs and other xenobiotics. Pharmazie 2003; 58:447-474.

Schwan §, Sundstrom A, Stjernberg E, Hallberg E, Hallberg P. A signal for an abuse liability
for pregabalin - results from the Swedish spontaneous adverse drug reaction reporting
system. Eur J Clin Pharmacol 2010; 66:947-953.

Schwarz Ul and Stein CM. Genetic determinants of dose and clinical outcomes in patients
receiving oral anticoagulants. Clin Pharmacol Ther 2006; 80:7-12.

Seymour RM and Routledge PA. Important drug-drug interactions in the elderly. Drugs
Aging 1998; 12:485-494.

68



SFINX database, 2009. www.terveysportti.fi (URL last checked 13 May 2011).

Shalansky S, Lynd L, Richardson K, Ingaszewski A, Kerr C. Risk of warfarin-related
bleeding events and supratherapeutic international normalized ratios associated with
complementary and alternative medicine: a longitudinal analysis. Pharmacotherapy
2007; 27:1237-1247.

Shams ME, Arneth B, Hiemke C, Dragicevic A, Muller MJ, Kaiser R, Lackner K, Hartter S.
CYP2D6 polymorphism and clinical effect of the antidepressant venlafaxine. J Clin Pharm
Ther 2006; 31:493-502.

Shimada T, Yamazaki H, Mimura M, Inui Y, Guengerich FP. Interindividual variations in
human liver cytochrome P-450 enzymes involved in the oxidation of drugs, carcinogens
and toxic chemicals: studies with liver microsomes of 30 Japanese and 30 Caucasians. J
Pharmacol Exp Ther 1994; 270:414-423.

Sihvo S, Klaukka T, Martikainen ], Hemminki E. Frequency of daily over-the-counter drug
use and potential clinically significant over-the-counter-prescription drug interactions
in the Finnish adult population. Eur J Clin Pharmacol 2000; 56:495-499.

Sihvola E, Rose R], Dick DM, Pulkkinen L, Marttunen M, Kaprio J. Early-onset depressive
disorders predict the use of addictive substances in adolescence: a prospective study of
adolescent Finnish twins. Addiction 2008; 103:2045-2053.

Sistonen ], Fuselli S, Levo A, Sajantila A. CYP2D6 genotyping by a multiplex primer
extension reaction. Clin Chem 2005; 51:1291-1295.

Sistonen ], Fuselli S, Palo JU, Chauhan N, Padh H, Sajantila A. Pharmacogenetic variation
at CYP2C9, CYP2C19, and CYP2D6 at global and microgeographic scales. Pharmacogenet
Genomics 2009; 19:170-179.

Sistonen ], Sajantila A, Lao O, Corander ], Barbujani G, Fuselli S. CYP2D6 worldwide
genetic variation shows high frequency of altered activity variants and no continental
structure. Pharmacogenet Genomics 2007; 17:93-101.

Skopp G. Preanalytic aspects in postmortem toxicology. Forensic Sci Int 2004; 142:75-
100.

Smith R]. Federal government faces painful decision on Darvon. Science 1979; 203:857-
858.

Snaith A, Pugh L, Simpson CR, McLay JS. The potential for interaction between warfarin
and coprescribed medication: a retrospective study in primary care. Am J Cardiovasc
Drugs 2008; 8:207-212.

Sopko MA,Jr, Ehret M], Grgas M. Desvenlafaxine: another “metoo” drug? Ann Pharmacother
2008; 42:1439-1446.

69



Stahl SM, Grady MM, Moret C, Briley M. SNRIs: their pharmacology, clinical efficacy,
and tolerability in comparison with other classes of antidepressants. CNS Spectr 2005;
10:732-747.

Stead AH, Allan AR, Ardrey RE, Bal TS, Callaghan TM, Gill R, Moffat AC, Oon MC. Drug
misuse - the barbiturate problem. J Forensic Sci Soc 1981; 21:41-53.

Stead AH and Moffat AC. A collection of therapeutic, toxic and fatal blood drug
concentrations in man. Hum Toxicol 1983; 2:437-464.

Sternbach H. The serotonin syndrome. Am J Psychiatry 1991; 148:705-713.

Stingl Formerly Kirchheiner JC and Viviani R. CYP2D6 in the Brain: Impact on Suicidality.
Clin Pharmacol Ther 2011; 89:352-353.

Strandell ], Bate A, Lindquist M, Edwards IR, Swedish, Finnish, Interaction X-referencing
Drug-drug Interaction Database (SFINX Group). Drug-drug interactions - a preventable
patient safety issue? Br ] Clin Pharmacol 2008; 65:144-146.

Strandell ] and Wahlin S. Pharmacodynamic and pharmacokinetic drug interactions
reported to VigiBase, the WHO global individual case safety report database. Eur J Clin
Pharmacol 2011; 67:633-641.

Thelander G, Jonsson AK, Personne M, Forsberg GS, Lundqvist KM, Ahlner ]. Caffeine
fatalities — do sales restrictions prevent intentional intoxications? Clin Toxicol (Phila)
2010; 48:354-358.

Thijssen HH, Soute BA, Vervoort LM, Claessens ]JG. Paracetamol (acetaminophen)
warfarin interaction: NAPQI, the toxic metabolite of paracetamol, is an inhibitor of
enzymes in the vitamin K cycle. Thromb Haemost 2004; 92:797-802.

TIAFT, The International Association of Forensic Toxicologists. Reference blood level list
of therapeutic and toxic substances, 2004. www.tiaft.org (URL last checked: 21 March
2011).

Toes M], Jones AL, Prescott L. Drug interactions with paracetamol. Am | Ther 2005;
12:56-66.

UMC, the Uppsala Monitoring Centre. WHO monitoring programme. www.who-umc.
org/DynPage.aspx?id=13140&mn=1514 (URL last checked: 17 March 2011).

Vallersnes OM, Lund C, Duns AK, Netland H, Rasmussen IA. Epidemic of poisoning caused
by scopolamine disguised as Rohypnol tablets. Clin Toxicol (Phila) 2009; 47:889-893.

van der Sijs H, Mulder A, van Gelder T, Aarts ], Berg M, Vulto A. Drug safety alert generation
and overriding in a large Dutch university medical centre. Pharmacoepidemiol Drug Saf
2009; 18:941-947.

70



van der Weide ], van Baalen-Benedek EH, Kootstra-Ros JE. Metabolic ratios of
psychotropics as indication of cytochrome P450 2D6/2C19 genotype. Ther Drug Monit
2005; 27:478-483.

Vartiainen E, Seppalad T, Lillsunde P, Puska P. Validation of self reported smoking by
serum cotinine measurement in a community-based study. /] Epidemiol Community
Health 2002; 56:167-170.

Vuori E, Henry JA, Ojanpera I, Nieminen R, Savolainen T, Wahlsten P, Jantti M. Death
following ingestion of MDMA (ecstasy) and moclobemide. Addiction 2003; 98:365-368.

Vuori E, Ojanpera I, Nokua ], Ojansivu RL. Oikeuskemiallisesti todetut myrkytyskuolemat
Suomessa vuosina 2002-2004. Suom Ldcdkdril 2006; 61:2339-2344. (In Finnish, English
summary)

Vuori E, Ojanpera I, Nokua ], Ojansivu RL. Oikeuskemiallisesti todetut myrkytyskuolemat
Suomessa vuosina 2005-2007. Suom Ldcdkdril 2009; 64:3187-3195. (In Finnish, English
summary)

Vuori E, Renkonen OV, Lindbohm R. Validity of post mortem blood alcohol values. Lancet
1983; 1:761-762.

Weinmann S, Becker T, Koesters M. Re-evaluation of the efficacy and tolerability of
venlafaxine vs SSRI: meta-analysis. Psychopharmacology (Berl) 2008; 196:511-520.

Wester K, Jonsson AK, Spigset O, Druid H, Hagg S. Incidence of fatal adverse drug
reactions: a population based study. Br J Clin Pharmacol 2008; 65:573-579.

White N, Litovitz T, Clancy C. Suicidal antidepressant overdoses: a comparative analysis
by antidepressant type. ] Med Toxicol 2008; 4:238-250.

WHO, World Health Organization, Geneva, Switzerland. www.who.int (URL last checked
17 March 2011).

WHO Collaboration Centre for Drug Statistics Methodolgy. www.whocc.no (URL last
checked 17 March 2011).

Whyte EM, Romkes M, Mulsant BH, Kirshne MA, Begley AE, Reynolds CF,3rd, Pollock BG.
CYP2D6 genotype and venlafaxine-XR concentrations in depressed elderly. Int ] Geriatr
Psychiatry 2006; 21:542-549.

Whyte IM, Buckley NA, Reith DM, Goodhew I, Seldon M, Dawson AH. Acetaminophen
causes an increased International Normalized Ratio by reducing functional factor VII.
Ther Drug Monit 2000; 22:742-748.

71



Whyte IM, Dawson AH, Buckley NA. Relative toxicity of venlafaxine and selective
serotonin reuptake inhibitors in overdose compared to tricyclic antidepressants. Q/M
2003; 96:369-374.

Wijnen PA, Limantoro [, Drent M, Bekers O, Kuijpers PM, Koek GH. Depressive effect of an
antidepressant: therapeutic failure of venlafaxine in a case lacking CYP2D6 activity. Ann
Clin Biochem 2009; 46:527-530.

Wilson AD, Howell C, Waring WS. Venlafaxine ingestion is associated with rhabdomyolysis
in adults: a case series. J Toxicol Sci 2007; 32:97-101.

Windfuhr K, Turnbull P, While D, Swinson N, Mehta H, Hadfield K, Hiroeh U, Watkinson
H, Dixon C, Flynn S, Thomas S, Lewis G, Ferrier I, Amos T, Skapinakis P, Shaw ], Kapur N,
Appleby L. The incidence and associated risk factors for sudden unexplained death in
psychiatric in-patients in England and Wales. | Psychopharmacol 2010; DOI 10.1007/
s00228-010-0987-y.

Wittkowsky AK, Boccuzzi S], Wogen ], Wygant G, Patel P, Hauch O. Frequency of
concurrent use of warfarin with potentially interacting drugs. Pharmacotherapy 2004;
24:1668-1674.

Yarema MC and Becker CE. Key concepts in postmortem drug redistribution. Clin Toxicol
(Phila) 2005; 43:235-241.

Zackrisson AL, Holmgren P, Gladh AB, Ahlner ], Lindblom B. Fatal intoxication cases:
cytochrome P450 2D6 and 2C19 genotype distributions. Eur | Clin Pharmacol 2004;
60:547-552.

Zackrisson AL and Lindblom B. Identification of CYP2D6 alleles by single nucleotide
polymorphism analysis using pyrosequencing. Eur J Clin Pharmacol 2003; 59:521-526.

Zackrisson AL, Lindblom B, Ahlner ]. High frequency of occurrence of CYP2D6 gene
duplication/multiduplication indicating ultrarapid metabolism among suicide cases.
Clin Pharmacol Ther 2010; 88:354-359.

Zanger UM, Raimundo S, Eichelbaum M. Cytochrome P450 2D6: overview and update
on pharmacology, genetics, biochemistry. Naunyn Schmiedebergs Arch Pharmacol 2004;
369:23-37.

Zarocostas ]. Misuse of prescription drugs could soon exceed that of illicit narcotics, UN
panel warns. BMJ] 2007; 334:444.

Zhang Q, Bal-Dit-Sollier C, Drouet L, Simoneau G, Alvarez JC, Pruvot S, Aubourg R, Berge
N, Bergmann JF, Mouly S, Mahe I. Interaction between acetaminophen and warfarin in
adults receiving long-term oral anticoagulants: a randomized controlled trial. Eur J Clin
Pharmacol 2010; 67:309-314.

72



Zuccato E, Chiabrando C, Castiglioni S, Bagnati R, Fanelli R. Estimating community drug
abuse by wastewater analysis. Environ Health Perspect 2008; 116:1027-1032.

Zumwalt RE, Bost RO, Sunshine I. Evaluation of ethanol concentrations in decomposed
bodies. ] Forensic Sci 1982; 27:549-554.

Zwart-van Rijkom JE, Uijtendaal EV, ten Berg M], van Solinge WW, Egberts AC. Frequency
and nature of drug-drug interactions in a Dutch university hospital. Br J Clin Pharmacol
2009; 68:187-193.

Astrand B, Astrand E, Antonov K, Petersson G. Detection of potential drug interactions - a
model for a national pharmacy register. Eur J Clin Pharmacol 2006; 62:749-756.

73



