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Abstract The prevalence of important adverse drug com-
binations was studied among the 37,367 cases included in
the Finnish post-mortem toxicology database during 2000—
2006. The new SFINX interaction database (Swedish,
Finnish, INteraction X-referencing) was utilised to identify
adverse drug combinations. Consequently, the 24 drugs
chosen for the study generated 96 two-compound combi-
nations possessing potentially severe interactions. The total
number of hits for the combinations found in the post-
mortem database was 267, which accounts for approxi-
mately 0.71% of all cases. The potential role of adverse
drug interaction (ADI) in these cases was evaluated from
the background information and death certificate. The
possible ADI cases comprised 23% of all hits and 0.17%
of all cases analysed. In cases with a pharmacodynamic
mechanism, the most prominent combinations were medi-
cines causing serotonin syndrome or a [3;-blocker with
verapamil or diltiazem. In cases with a pharmacokinetic
mechanism, half of the cases involved digoxin in combi-
nation with verapamil. In one third of the possible ADI
cases, a forensic pathologist had noted the studied com-
pounds as an underlying or contributing cause of death,
although the agents’ specific role in ADIs was rarely
recognised.
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Introduction

Adverse drug reactions are a significant cause of morbidity
and mortality and result in considerable costs to society
through hospital admissions. A recent systematic review
estimated that 4.9% of admissions are related to adverse
drug events, while the odds of being hospitalised are four
times higher for the elderly than for younger people [1].
Adverse drug interactions (ADIs) are a major category of
adverse drug reactions [2, 3]. Patients commonly use
several prescription medicines simultaneously, and espe-
cially hospital patients may use five to ten medicines daily.
Polypharmacy in the elderly is a well-recognised problem
[4]. Besides actual pharmaceuticals, ethyl alcohol is an
important congener of central nervous system (CNS)
depressants, which is commonly used and abused in all
age groups. Apart from accidental interactions, a multitude
of medicines and alcohol are often ingested in connection
with suicides [5], and the combinations involved in these
cases can be rather irrational.

The additive effects of CNS depressants are well known,
but more specific ADIs are less familiar within post-
mortem toxicology. Drug interactions can be divided into
pharmacokinetic interactions, involving changes in the
concentrations of the agents, and pharmacodynamic inter-
actions, involving changes in efficacy usually without
changes in the concentrations of the agents. Pharmacoki-
netic mechanisms of interaction include alterations of
absorption, protein binding, distribution, metabolism, or
elimination. Pharmacodynamic mechanisms take place at
the receptor level and include additive or synergistic effects
and combined toxicity, but they may also involve antago-
nistic or opposing interactions. Much data has been
published on drug interactions, based on animal studies or
in vitro studies, which are often difficult to extrapolate to
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clinical practice. To improve the clinical relevance of the
fragmented information on drug interactions, electronic
databases have been made available for recognising and
evaluating the adverse combinations more easily [6].

Based on standardised analytical techniques, many
forensic toxicology laboratories are now able to screen for
several hundreds of medicines on a routine basis and
determine the respective blood concentrations of relevant
compounds. Appropriate sampling of femoral venous blood
and quality-controlled laboratory performance are neces-
sary in order to assure the validity of qualitative and
quantitative results [7]. These comprehensive analytical
data serve as a basis of post-mortem databases, which can
be utilised beyond routine casework to support interpreta-
tion, to identify trends in drug usage and even to advance
the safety of pharmaceuticals in society. However, to be
generally useful, the database should contain, in addition to
the analytical toxicology findings, relevant background
information related to the case and, thus, also details about
the cause and manner of death, which can e.g. be taken
from the final death certificate.

Although post-mortem database research is still a
somewhat rarely exploited area of forensic toxicology,
several representative studies have been recently published.
Detailed in-house databases were explored to e.g. establish
reference concentrations of medicines in the blood [8, 9]
and to estimate the magnitude of interactions between
various medicines and alcohol [10—13]. Combining national
death statistics and medical prescriptions or sales figures
allowed the calculation of the fatal toxicity index (FTI)
[14-17] for individual medicines or groups of medicines,
which is a better indicator of the toxicity of a specific
compound than the number of deaths as such.

In this study, we contribute to the post-mortem database
research in the area of drug-drug interactions, utilising the new
SFINX interaction database (Swedish, Finnish, INteraction X-
referencing), which contains updated concise information on
more than 7,000 drug interactions. The prevalence of
important adverse drug combinations was studied among the
37,367 cases included in the Finnish post-mortem toxicology
database during 2000-2006, and the potential role assigned to
ADIs in the fatalities was evaluated.

Materials and methods
SFINX database

The SFINX database [18] was accessed through the
National Library of Health Sciences in Finland. SFINX
classifies ADIs by their clinical significance. The database
was introduced in 2006, and it is updated regularly. The
present study is based on the database version of 5 October
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2007. In SFINX, a query for a medicine generates a list of
two-compound ADIs classified by their clinical status from
mild (A) to severe (D) and by the level of documentation
from sparse (0) to well established (4). The result page lists
the brand names of available preparations for both
compounds, a summary of the ADIs and recommended
measures concerning combined administration. The mech-
anisms for the ADIs and background information with
references are also provided.

Post-mortem database

The Finnish post-mortem database comprised 40,165 cases
in the 7-year period of 2000-2006, for which comprehen-
sive screening for drugs was performed in 37,367 cases
(93%). The case files in the post-mortem database included
a referral from a forensic pathologist, laboratory analysis
results and information extracted from the death certificate
issued by a forensic pathologist. The referral contained
background information, such as a brief description of the
circumstances of death, known medications and the main
autopsy findings. The analytical data contained analysis
results for alcohols, medicines and drugs of abuse and
occasionally for other substances, such as volatile sub-
stances, ethylene glycol, carbon monoxide and pesticides.
Information from the final death certificate included the age
and gender of the deceased, the cause of death with
contributing factors according to the International Classifi-
cation of Diseases (ICD 10) and the manner of death
(WHO, World Health Organization).

Table 1 shows the 24 primary medicines (compound 1)
chosen for the study and the interacting medicines from the
SFINX query results (compound 2). The primary medicines
were included either based on their frequency as a finding
in post-mortem blood (>40 cases in the year 2006) or their
prevalence as the most important finding in fatal poisonings
according to the highest ‘concentration-to-therapeutic con-
centration ratio’ in the post-mortem database [19]. In
addition, a few medicines were included because they are
generally known to be involved in ADIs.

Data refining

The SFINX database was searched for the selected 24
primary medicines, and among the resulting two-compound
combinations, only the severe interactions (D1-D4) were
taken into account. The pairs in which compound 2 was not
included in the laboratory’s analysis arsenal were excluded.
The combinations in which a concentration or an effect was
diminished were also excluded. The resulting 96 two-
compound combinations were searched against the post-
mortem database to reveal cases in which the date of death
was between 1 January 2000 and 31 December 2006 and
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Table 1 Medicines included in the study and their upper therapeutic

concentration®

Medicines

Concentration (mg/l)

Primary compound (compound 1)
Group 1
Atenolol
Bisoprolol
Fluoxetine
Metoprolol
Sertraline
Warfarin
Group 2
Amitriptyline
Citalopram
Dextropropoxyphene
Digoxin
Doxepin
Levomepromazine
Mirtazapine
Propranolol
Tramadol
Venlafaxine
Group 3
Amiodarone
Diltiazem
Fluconazole
Fluvoxamine
Moclobemide
Selegiline
Sotalol
Verapamil
Interacting compound (compound 2)
Acebutolol
Amphetamine
Betaxolol
Bupropion
Carbamazepine
Carvedilol
Celiprolol
Clomipramine
Clonidine
Dextromethorphan
Duloxetine
Esmolol
Fentanyl
Glibenclamide
Glimepiride
Glipizide
Labetalol
MDMA (“Ecstasy”)
Methylphenidate
Metronidazole
Mianserin
Midazolam
Milnacipran
Nifedipine
Nortriptyline
Paroxetine

0.6
0.1
0.5
0.6
0.25
3.0
mg/1
0.2
0.4
0.75
0.002
0.15
0.14
0.2
0.25
0.6
0.3
mg/l
2.8
0.3
19
0.25
2.5
0.05
4.0
0.35

1.2
0.6
0.05
0.1
10
0.3
0.4
0.15
0.0015
0.04
0.05
2.0
0.002
0.36
0.3
0.49
0.2

0.06
30
0.13
0.2
0.2
0.15
0.25
0.05

Table 1 (continued)

Medicines Concentration (mg/l)
Pethidine 0.8
Phenobarbital 25
Phenytoin 20
Pindolol 0.15
Propafenone 1.6
Quinidine 6.0
Sertindole 0.14
Theophylline 20
Timolol 0.05
Tizanidine 0.01
Trazodone 2.5
Triazolam 0.02

Inclusion criteria: Group 1, common post-mortem findings (>40 cases
in 2006); Group 2, prevalence in fatal poisonings [19]; Group 3,
generally known to be involved in ADIs

#The values are mainly from standard compilations of therapeutic
concentration data [20-22].

for which femoral blood analysis results were available.
Tables S1 and S2 of the Electronic Supplementary Material
show the primary medicines together with the adverse
combinations and the resulting ADIs.

In data refining, the following generalisations about the
toxic drug and alcohol levels were made to remove cases in
which an ADI probably did not have a predominant
contribution to the death, based on a survey of therapeutic
and toxic concentrations [8]. The values in Table 1 for
upper therapeutic concentrations are mainly from standard
compilations of therapeutic concentration data [20-22]. The
exclusion point for predominant alcohol poisonings was set
below a published post-mortem median blood alcohol
concentration in acute poisonings (3.6 %o w/w [23]) as the
fatal blood alcohol concentration is reported to be much
lower in combined fatal drug—alcohol poisonings [10-12].

Pharmacodynamic combinations

Among the 169 hits, the following exclusion criteria were
applied: (1) any medicine present in blood with a
concentration equal to or higher than ten times the upper
limit of its established therapeutic level (Table 1), (2) an
alcohol concentration in blood equal to or higher than 2.5%o
(w/w) and/or (3) an obvious external cause of death other
than the poisoning stated in the death certificate. For the
remaining cases, the background information and death
certificates were evaluated to reveal cases with an ADI
contributing to the death.

Pharmacokinetic combinations

Among the 98 hits, the following exclusion criteria were
applied: (1) concentration of the target compound (i.e. the
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agent assumed to be elevated) in blood was lower than five
times the upper limit of its established therapeutic level (not
applicable to warfarin), (2) a medicine other than the target
compound was present in blood with a concentration equal
to or higher than ten times the upper limit of its established
therapeutic level (Table 1), (3) an alcohol concentration in
blood was equal to or higher than 2.5%o (w/w), and/or (4)
an obvious external cause of death other than the poisoning
stated in the death certificate. For the remaining cases, the
background information and death certificates were evalu-
ated to reveal cases with an ADI contributing to the death.

Case reports representing a pharmacodynamic and a
pharmacokinetic interaction were chosen from the material
to illustrate the role of selected ADIs in a medicolegal
context.

Statistical analysis

MINITAB 13.31. was used for the statistical analysis of the
manner of death (Table 2). The expected number of deaths
was derived from the proportion of all cases in 2000-2006
and compared with the observed number of suspected
pharmacodynamic ADIs using the test for two proportions.
For pharmacokinetic ADIs, no statistical analysis was
performed due to the low number of cases.

Results
Overview

Tables S1 and S2 of the Electronic Supplementary Material
show the 24 medicines chosen for the interaction study
based on their prevalence as a finding in the post-mortem
toxicology database, their prevalence as a finding in fatal
poisonings in the database or their known potential for
ADIs according to the literature. The SFINX database
search generated 96 two-compound combinations possess-

ing potentially severe interactions. Searching the post-
mortem toxicology database for these combinations
revealed hits for 52 different combinations of medicines,
while for 44 combinations, no hits were found. The total
number of hits found was 267, which accounts for
approximately 0.71% of all cases. In 26 cases, more than
one adverse combination was found. The adverse drug
combinations were divided into two groups according to
their mechanisms as defined in SFINX. The combinations
with pharmacodynamic mechanisms comprised 169 hits
(63%; Table S1 of the Electronic Supplementary Material),
and the combinations with pharmacokinetic mechanisms
comprised 98 hits (37%; Table S2 of the Electronic
Supplementary Material). The total number of possible
ADIs found was 62, comprising 23% of all hits and 0.17%
of all cases analysed.

The typical cases in the present material involved
middle-aged persons found dead at home. All hits com-
prised 137 men and 97 women with an average age of 55.9
(+17.9) years. The possible ADI cases extracted from all
hits comprised 30 men and 26 women with an average age
of 55.6 (£15.7) years. Death usually occurred without a
witness, but in a few cases, the person was found dead in
the morning by the spouse or died in spite of the care of
paramedics. Evidence for cardiovascular disease was often
revealed at the autopsy, and generally, no explicit cause of
death could be established.

Forensic pathologists had included adverse combinations
of two or more medicines as an underlying or contributing
factor of death in 19 (33%) of the 57 death certificates for the
62 possible ADIs shown in Table S1 and S2 of the Electronic
Supplementary Material (five cases had two ADIs). In
8 (14% of the total) of the 19 cases, the forensic pathologist
had highlighted the same specific two-compound ADI as
recognised in this study. Certificates that pointed to only one
component of an adverse combination or to completely
different medicines or that did not mention medicines at all
comprised 67% of all possible ADI cases. The distribution of

Table 2 Distributions of manner of death between possible ADI cases and all cases in the post-mortem database

Manner of death
(classification by WHO)

All cases 2000-2006 (%)

All hits (%)

Suspected ADIs

Pharmacodynamic findings (%) Pharmacokinetic findings (%)

Natural (disease) 17,171 (43) 106 (40)
Suicidal 12,725 (32) 93 (35)
Accidental 7,206 (18) 47 (18)
Undetermined 2,144 (5) 16 (6)
Medical treatment or procedure 97 (0.2) 4 (1.5)
Homicidal 809 (2) 1(0.4)
Occupational disease 13 (0.03) 0

War 0 0

Total 40,165 267

23 (44) 4 (40)
12 (23) 3 (30)
12 (23) 0
5(10) 2 (20)
0 1 (10)
0 0

0 0

0 0

52 10
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manner of death between the possible ADI cases and all
cases in the database is shown in Table 2. No statistical
difference between all cases and suspected pharmacodynam-
ic ADIs was found (test for two proportions).

Pharmacodynamic combinations

The process described above yielded 52 possible cases, which
accounts for 19% of all hits and 31% of the pharmacodynamic
hits (Table S1 of the Electronic Supplementary Material). A
pharmacodynamic ADI may have contributed to the death of
a 63-year-old man with a medical history of hypertension
and mental health problems. On the way home, his car
drifted off the road at slow speed, and he died at the crash
scene. No findings of external trauma could be determined at
the autopsy. No alcohol was found in the blood, and there
was no information available on his medication. Post-
mortem toxicology indicated a slightly elevated concentra-
tion of bisoprolol (0.13 mg/1) and a therapeutic concentration
of diltiazem (0.1 mg/l) and chlorprothixene (0.2 mg/l) in his
blood. A forensic pathologist determined the underlying
cause of death as hypertensive heart disease without
congestive heart failure and atherosclerosis and malignant
prostate cancer as contributing factors.

Pharmacokinetic combinations

The process described above yielded ten possible cases, which
accounts for 3.8% of all hits and 10% of the pharmacokinetic
hits (Table S2 of the Electronic Supplementary Material). A
possible pharmacokinetic ADI is presented in the case of an
obese schizophrenic 54-year-old woman living in a nursing
home and found dead on a sofa in the morning. The day
before, she had been taken to hospital because of agitation
and insomnia but returned to the nursing home the same day.
Autopsy revealed coronary artery disease. Post-mortem
toxicology indicated a therapeutic concentration of fluoxetine
(0.3 mg/l) and a markedly elevated concentration of dextro-
methorphan (0.5 mg/l) in her blood. Levomepromazine
(0.2 mg/1), clozapine (0.9 mg/l) and lorazepam (0.01 mg/1)
were also detected, all within or close to the therapeutic
range. No alcohol was found in the blood. A forensic
pathologist classified the death as natural (disease), and
coronary artery disease was defined as the underlying cause
of death. Cardiac insufficiency and fibrosis, in addition to
obesity and the combined effect of the medicines, were
marked as factors contributing to the death.

Discussion

During the study period, the frequency of medicolegal
autopsies in Finland was high, covering more than 20% of

all deaths, and toxicological samples were collected in more
than 50% of the cases, corresponding to approximately
6,000 cases a year [19]. The Finnish post-mortem database
is thus representative for studying ADIs in a medicolegal
context. Moreover, contrary to most clinical studies, the
results in the present study were based on the actual
measured concentrations of pharmaceuticals in blood.
Clinical studies tend to evaluate the incidence of ADIs
based on overlapping prescriptions [24-26] or on co-
reporting in a database of suspected ADI reports [18],
indicating a relatively low ADI incidence (<2%). In a study
conducted in Finnish hospital wards, potentially serious
ADIs occurred in 1.4% of the prescriptions, and potentially
toxic combinations occurred in 1.0% [27].

The 0.71% prevalence of serious two-compound combi-
nations found here is consistent with the clinical studies,
even though the spectrum of medicines is somewhat
different. The lack of a routine screening method excluded
some important ADIs from this study, such as those of
antibiotics (e.g. rifampicin and erythromycin) and the
combinations of warfarin and nonsteroidal anti-inflamma-
tory analgesics (non-steroidal anti-inflammatory drugs).
Additive or synergistic pharmacodynamic interactions
between medicines having similar pharmacological effect,
such as with two CNS depressants, were not included, and
in general, these types of combinations are not flagged in
the SFINX database. Although many additive interactions
are trivial, some combinations have special importance in
fatal poisonings, such as intravenous buprenorphine com-
bined with benzodiazepines [28]. According to the recom-
mendations given in SFINX, class D (severe) combinations
should be completely avoided in therapy, or the potential
adverse effect should be prevented by other means, e.g. by
taking the concentration change into account when adjust-
ing the dose. Despite the known severe consequences of
some combinations of medicines, in most cases, it is very
difficult to predict how many patients will ultimately
experience an adverse outcome [29]. Under medical
supervision, it may sometimes be necessary and justified
to treat a patient with a combination of medicines with
potential ADIs, but in the present study, it was not possible
to judge the victim’s intentions or awareness of the risks.

The most prominent ADI in the pharmacodynamic group
(Table S1 of the Electronic Supplementary Material) is
serotonin toxicity [30], which accounts for 58% of the
possible ADIs in the group. Serotonin toxicity is a result of
over-stimulation of 5-HT;, receptors by serotonergic
agents, such as selective serotonin re-uptake inhibitors
(SSRIs), tricyclic antidepressants (TCAs) and monoamine
oxidase (MAO) inhibitors. The syndrome may develop in a
few hours, involving agitation, increase in body tempera-
ture, muscle rigidity, multi-organ failure and death [31, 32].
A single serotonergic agent rarely causes severe toxicity,
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but most of the life-threatening or fatal outcomes by
serotonin toxicity are due to ADIs [33]. In this study,
fluoxetine, moclobemide and tramadol were the three most
prevalent individual medicines associated with the risk of
the serotonin syndrome, contributing to 13, 11 and 9
possible ADI cases, respectively. Fluoxetine, a widely used
SSRI, has a relatively low FTI compared to the other newer
antidepressants [13]. Moclobemide is a MAO-A inhibitor
that is reported to be well tolerated when taken alone [34].
The commonly used analgesic tramadol is a partial p-
opioid receptor agonist that also inhibits the re-uptake of
noradrenalin and 5-HT [35].

Another group that stands out in Table S1 of the
Electronic Supplementary Material is the combination of a
[31-blocker and either of the calcium antagonists, verapamil
or diltiazem, comprising 22 potential ADI cases. It is not
uncommon for patients with ischaemic heart disease and
hypertension to be deliberately treated with this kind of
combination as both compounds exert a negative chrono-
tropic effect and lower the blood pressure. This combina-
tion can, however, lead to bradyarrhythmia and other
cardiovascular adverse drug reactions, such as atrioventric-
ular block, even with therapeutic doses [36]. We hypothe-
sise that in the above-described fatality of a 63-year-old
man, this ADI may have played a role in the fatality.

In the pharmacokinetic group (Table S2 of the Electronic
Supplementary Material), an elevated concentration of the
target compound is shown in 10% of cases. Approximately
half of all cases involved the cardiac glycoside, digoxin, in
combination with the calcium antagonist, verapamil.
Verapamil increases the digoxin concentration by inhibition
of P-glycoprotein mediated excretion [37]. Digoxin is
known to undergo post-mortem re-distribution leading to
difficulty in interpretation of post-mortem digoxin concen-
trations [38]; however, in this study, results exclusively
from peripheral blood samples were included. Only one
case was identified in which the digoxin concentration was
high enough to meet the set criteria of a potential ADI and
to reach a suggested level of life-threatening toxicity [39].

In the cases involving warfarin, the potential enhancing
effect of CYP2C9 enzyme inhibitors was evaluated by
autopsy findings of bleeding given in the death certificate,
not based on the warfarin concentration, as the optimal
therapeutic range of the medicine is narrow and highly
patient specific. Spontaneous bleeding and haematoma
were reported in the death certificates of only 2 of the 14
cases. CYP2D6 inhibitors may have increased the concen-
tration of dextromethorphan in three cases. In the above-
described case of a schizophrenic woman, we believe that
her death could be more directly attributed to an ADI, as
fluoxetine inhibits the metabolism of dextromethorphan.
The elevated dextromethorphan concentration may also be
explained by genetic polymorphism of CYP2D6, as it has
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been estimated that approximately 7-10% of the European
population are poor metabolisers [40].

The present study is the first to systematically survey the
prevalence of ADIs in a comprehensive post-mortem data-
base. The distribution of manner of death between possible
ADI cases and all cases in the database suggests a higher
percentage of pharmacodynamic ADI cases in accidental and
undetermined categories and a lower percentage in suicides
(Table 2). However, this difference was not statistically
significant. Obviously, ADIs can become important for
interpreting death cases with only moderate concentrations
of medicines and little or no pathological findings.

Assessing the role of two-compound ADIs as a cause of
death is even more difficult than assessing the role of
individual compounds, which is more directly related to their
concentrations in blood. The 0.71% prevalence of severe
adverse drug combinations and 0.17% prevalence of possible
ADIs found in this study are probably underestimates, but the
figures are in any event of the same order of magnitude as
those obtained in clinical studies. The study setting did not
permit us to judge whether the combinations of medicines
were prescribed or if a concomitant administration decision
was made by the patient. In one third of the possible ADI
cases, a forensic pathologist had noted the studied compounds
as an underlying or contributing cause of death, although the
agents’ specific role in ADIs was rarely recognised. For
example, serotonin toxicity was stated as a cause of death in
only two death certificates, both involving citalopram and
moclobemide. Although ADIs are not a serious pitfall in cause
of death investigations, they do deserve more attention.
Polypharmacy poses a common challenge, calling for
concerted action by forensic pathologists and toxicologists.
Continually updated databases, such as SFINX, are also of
great assistance in detecting and keeping up with the growing
amount of information on pharmaceuticals.
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