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Abstract Concentrations of citalopram in medicolega
samples from 92 autopsies and 27 living persons are de-
scribed. In autopsy cases in which citalopram aone was
the cause of death, concentrations ranged from 2.0 to 6.2
mg/kg whole blood. In autopsy cases in which citalopram
together with other substances was considered to be the
cause of death, the concentrations of citalopram ranged
from 0.6 to 5.2 mg/kg whole blood. In autopsy cases toxic
concentrations ranged from 0.4 to 0.9 mg/kg whole blood
and therapeutic concentrations from 0.03 to 0.6 mg/kg
whole blood. In samples from living persons the concen-
trations of citalopram in whole blood were 0.02 to 0.3
mg/kg.
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Introduction

Citalopram belongs to the second generation of antide-
pressants and was registered in Denmark in 1989. It is a
selective serotonin reuptake inhibitor (SSRI) without car-
diovascular adverse effects [1]. It has a half-life of ap-
proximately 1'% days, is rapidly absorbed with maximal
drug levelsin plasma attained within 2 h and has an aver-
aged clearance value of 0.43 I/min by hepatic metabolism
(85%) and renal excretion (15%). The distribution volume
is between 12-16 I/kg [2, 3]. Only little information on
citalopram in forensic cases exists in the literature and as
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citalopram is manufactured by a Danish company, we found
it of interest to make a survey on the occurrence of citalo-
pram in medico-legal casesin Denmark with a population
of 5.2 million.

Materials and methods

The survey includes medicolegal cases examined in Denmark dur-
ing the period 1989-1996 (autopsies and living persons). Autop-
sies and toxicological analyses were performed at the Institutes of
forensic medicine in Copenhagen, Aarhus and Odense respec-
tively. The analyses of samples from living persons were per-
formed at the Institute of forensic medicine in Copenhagen.

In autopsy cases screening of liver tissue was performed by lig-
uid/liquid extraction followed by capillary gas chromatography us-
ing a nitrogen-phosphorous detector (NPD). A secondary confir-
mation test was done by thin layer chromatography (TLC) or lig-
uid chromatography (HPL C) depending on which of the three lab-
oratories performed the analyses. If citalopram was detected,
whole blood was analysed using HPLC and secondary confirma-
tion was done by GC/NPD or GC/MS. If no blood was available
muscle tissue was examined as the concentrations are of the same
order [4]. In cases involving living persons urine samples were
screened after treatment with glucuronidase as described for liver.

The citalopram concentrations found in this investigation were
defined as therapeutic for concentrations found in living persons
under treatment with citalopram, toxic where concentrations were
higher than therapeutic concentrations but not fatal, and fatal for
concentrations found in fatal cases in which citalopram was esti-
mated to be the only cause of death.

Results

Citalopram was found in 92 autopsy cases including 50
females and 42 males aged 2691 years with amedian age
of 46. Figure 1 shows the distribution during the survey
period.

Table 1 shows the median, mean and range of the whole
blood concentrations of citalopram in the autopsy casesin
which blood was available (n = 86) and in the cases in-
volving living persons. The autopsy cases were divided
into four groups in which citalopram was the only cause
of death (n = 4), one group in which citalopram together
with other compounds was the cause of death (n = 21),
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one group with toxic concentrations (n = 18) and one
group with therapeutic concentrations (n = 49). In six of
the autopsy cases only muscle tissue was analysed as no
blood was available. In one of the autopsy cases no citalo-
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Fig. 1 Number of autopsy cases with citalopram in Denmark
(population 5.2 million) 1989-1996

Table1l Median, mean and range of citalopram concentrations in
whole blood in autopsy cases and from living persons
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pram was found in blood whereas 0.4 mg/kg was found in
muscle tissue and 2.8 mg/kg in liver tissue.

The citalopram concentrations from the autopsy cases
are shown in Table 2 together with citalopram metabolite
concentrations for cases in which these were analysed.
Table 2 A shows blood, muscle and liver tissue concentra-
tions of citalopram from cases in which citalopram was
the only cause of death and from cases in which citao-
pram was considered to have contributed to death.

In the four cases in which citalopram alone was con-
sidered the cause of death the blood alcohol concentration
(BAC) was zero in three cases and was not determined in
the fourth case. Three of these cases were considered to
be suicides and one accidental/suicide. Of the 21 cases in
which citalopram together with other drugs was the cause
of death the BAC was zero in 17 of the cases and ranged
from 0.84 to 2.50 mg/g in 4 cases. Of the 21 cases 8 were
suicides, 8 were accidental and in 5 cases the cause of
death was unknown.

In the 18 autopsy cases with toxic concentrations of
citalopram the BAC was zero in 8 cases, between 1.42
and 3.43 mg/g in 8 cases and not determined in 2. Of the
cases 2 were suicides, 10 were considered to be acciden-
tal and the cause of death was unknown in 6 of the cases
(Table 2B).

In the 49 autopsy cases with therapeutic concentrations
of citalopram, the BAC was zero in 24 cases, less than

Noof Median Range Mean 1.00 mg/gin9 cases, from 1.00 to 3.20 mg/g in 15 cases,
cases (mg/kg) (mglkg) (mg/kg) and not determined in 1 case. Of the cases 10 were sui-
cides, 4 accidental/suicides, 27 accidental (Table 2C), 7
Autopsy cases unknown and 1 was homicide by gunshot. In one of the
Fatal cases no citalopram was found in the blood, but the mus-
citalopram alone 4 37 2062 39 cletissue was found to contain 0.4 mg/kg and the liver tis-
citalopram + other 20 0.8 0652 12 sue 2.8 mg/kg.
Toxic 16 0.5 0409 05 The results from the 27 living persons are shown in
Therapeutic 46 0.2 0.03-06 0.2 Table 3 including 10 females and 17 males aged 20-
o 67 years with a median age of 42 years. Of these cases
Living persons 27 0.06 0.02-03 0.08 20 concerned traffic violations, 3 acts of violence and in
Table2 Autopsy cases with - : -
A) citalopram alone or citalo- dCéa:tﬁe of Material  Citalopram ngahyl_ D{gjeﬁmethyl-
pram with other compounds citalopram citalopram
the cause of death, B) toxic
concentrations of citalopram mg/kg nc oasoefs mo/kg ggsg mg/kg ggg
and other causes of death than
citalopram, C) therapeutic con- A
Cfgtrat' ons of ]9 éae';ﬁfg:n and  Citalopram blood 2.0-6.2 4 5.0 1 0.9 1
citalopram liver 24-55 2 50 1
Citalopram blood 0.6-5.2 20 0.1-0.9 11 0-0.1 9
+ other muscle 4.2 1 - -
liver 1.9-36 14 0.7-13 10 0-3.0 3
B:
blood 0.4-0.9 16 0.03-0.2 11 0-0.09 9
muscle 0.4-0.8 2 - -
liver 1.1-16 15 03-14 12 2.7 1
C:
blood 0.03-0.6 46 0.0-02 25 0.0-003 21
muscle 0.06-0.7 4 - - - -
liver 0.4-21 34 0.0-3.7 24 0.06-0.9 7
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Table 3 Concentrations of . . .
citalopram and metabolites in Material Citalopram gte:ge:m g'tg??gﬁyl B
whole blood from living per- P P
sons ma/kg no of mag/kg no of ma/kg no of
cases cases cases
Whole blood 0.02-0.3 27 0.0-0.3 26 0-0.21 26

4 cases no information was available. The BAC was zero
in 6 cases, from 0.01 to 0.99 mg/g in 8 cases, 1.10 to 3.10
mg/g in 9 cases and was not determined in 5 cases. Other
drugs were present in 21 of the cases and 3 of the cases
were analysed for citalopram only. In three of the cases no
other drugs were found present, but in all three cases the
BAC was higher than 2.00 mg/g.

Discussion

Very little information on citalopram concentrations in
overdose cases exists in the literature. Lindegaard Peder-
sen et al. [1] described a patient who took an overdose of
citalopram resulting in levels about 6 times higher than
the average therapeutic level but no signs of severe toxic-
ity were seen. In particular no changes occurred in con-
sciousness, electrocardiogram or blood pressure. Neuvo-
nen et a. [5] described three cases, in which citalopram
was involved. In two of these cases 1.7 and 0.5 mg citalo-
pram/kg blood was found respectively and these concen-
trations were considered to be 5 and 2 times higher than
the therapeutic level. In the third case a concentration of
0.3 mg/kg blood was found which was considered thera-
peutic. Moclobemide was found in very high concentra-
tionsin al three cases and in al of the cases the cause of
death was considered to be a central serotonin syndrome.
The citalopram concentrations in the first two cases arein
agreement with our findings, whereas the concentration in
the third case is in the area between therapeutic and toxic
concentrations in our investigation. We did not find mo-
clobemide in any of the cases examined in this study.

Ostrom et al. [6] found citalopram concentrations in
the range from 5.2 to 49 mg/kg in blood from six suicides
where no other causes of death were found.

Alcohol was not found in any of our cases with fata
concentrations of citalopram whereas in the cases with
toxic or therapeutic citalopram concentrations high alco-
hol concentrations were found quite often.

Comparing the therapeutic citalopram whole blood
concentrations from the autopsy cases with those from the
living persons, the concentrations were found to be
dlightly higher in the autopsy cases which could be due to
post mortem alterations.

Lindegaard Pedersen et a. [1] and Overg [2] found
mean plasma concentrations of 0.08 mg/kg after a daily
intake of 40 mg citalopram. Baumann [7] found plasma
concentrations from 0.04 to 0.3 mg/kg after adaily intake
of 30-60 mg citalopram but reported large individua
variations in the plasma concentrations and that des-
methylcitalopram retains a pronounced serotonergic pro-

file. The concentration of this metabolite is therefore rele-
vant even though Lindegaard Pedersen et al. [1] stated
that it has a lower potency than the main compound.
Cases in which didesmethylcitalopram was determined in
this investigation showed very low concentrations of this
metabolite. In forensic cases, however, the co-determina-
tion of metabolites is important in order to obtain the
clearest picture possible.

Citalopram does not seem to posses any pronounced
sedative effect. However, Lindegaard Pedersen et a. [1]
found a distinct hypersomnic effect in some of their pa-
tients. This effect might explain the cause of death in four
of the cases in the present investigation in which the only
findings were citalopram in toxic or therapeutic concen-
trations together with alcohol. Probably lower concentra-
tions of citalopram may cause death if combined with the
intake of alcohol. Steentoft et a. [8] described a similar
effect for morphine and alcohol.

In the suicide cases in which only citalopram was
found, the blood concentrations were 10 times higher than
therapeutic concentrations. This indicates that citalopram
possesses a low toxicity range when used correctly.
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