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Abstract Carisoprodol is commonly prescribed as a
centrally acting muscle relaxant, but it is also subject to
abuse. The literature describing fatal intoxications with the
drug is limited to a relatively small number of cases, and
there are inconsistencies with regard to which concentration
levels that are toxic. We therefore investigated all forensic
autopsies at the Norwegian Institute of Public Health during
the period 1992–2003 where carisoprodol was detected.
The median concentrations of carisoprodol in intoxication
with carisoprodol only or with only minor other analytical
findings was 36 mg/l (range 8–65 mg/l; n=5). In the rest of
the intoxications, the relevance of carisoprodol relative to
the other drugs detected was variable (n=93). When the
number of intoxications with carisoprodol each year were
divided by the number of defined daily doses (DDD) sold, a
fatal toxicity index between 5.6 and 6.9 deaths/1 million
DDD was obtained. The total number of cases where
carisoprodol was detected increased during the period
studied, which correlated to sales figures for the drug. We
conclude that carisoprodol can be fatal in concentrations
below those indicated in some of the previously published
literature. There were, however, only a small number of
cases where the cause of death can be attributed to use of
carisoprodol alone.
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Introduction

Carisoprodol is a commonly prescribed centrally acting skeletal
muscle relaxant, introduced in 1959 as an alternative to the
barbiturate-like drug meprobamate. Later, it became clear that
carisoprodol is almost totally metabolised to meprobamate in
humans [1]. The recommended adult dose of carisoprodol is
350 mg, given up to four times a day for acute low back pain,
but in clinical practice, single doses of 700 mg are frequently
used. The effect of carisoprodol for short-term treatment of
low back pain [2] has been documented in three high quality
studies [3–5], but there is insufficient evidence for the use of
carisoprodol in other conditions [6].

Case reports on carisoprodol abuse are numerous [7–10],
and there are also several reports on carisoprodol intoxica-
tion [11–14], but the extent and possible seriousness of this
problem is not known in detail. Meprobamate probably has a
barbiturate-like mode of action [15], whereas carisoprodol’s
mode of action is not known. The symptoms of carisoprodol
intoxication indicate that it might act differently from
meprobamate, and we have suggested earlier the possible
involvement of the serotonin system in carisoprodol toxicity
[11]. Carisoprodol is a potentially lethal drug, but there are
inconsistencies in the literature with regard to which con-
centration levels are toxic. Some articles reported that
concentrations of carisoprodol need to be as high as
100mg/l to be lethal [16], whereas published autopsy materials
and case reports indicate that fatal concentrations can be much
lower [17–21]. The number of cases in these publications is
quite small, and a systematic report from a larger material of
carisoprodol deaths would give valuable information.
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The aim of this study was to investigate fatal intoxica-
tions with carisoprodol, especially in looking at lethal
concentrations. We also wanted to calculate a fatal toxicity
index (FTI) for the drug. Finally, we would like to see how
the number of forensic autopsies, where carisoprodol was
detected, developed in the period 1992–2003, and how this
correlated with the sales figures for carisoprodol.

Materials and methods

Material (1992–2003)

The Norwegian Institute of Public Health, Division of
Forensic Toxicology and Drug Abuse routinely analyses
drugs in more than 90% of the forensic autopsies performed
in Norway, as requested by the police in unnatural deaths.
The material in the present study was based on all cases
with carisoprodol and/or meprobamate detected in the
period 1992–2003. Meprobamate is rarely used as a drug,
as such, in Norway, and when meprobamate was detected
alone in the autopsy cases, the finding was considered to
represent intake of carisoprodol.

Data on wholesale of drugs (1992–2003) [22–24] were
collected from all drug wholesalers in Norway. These data
represent total sales to pharmacies, institutions etc. The
sales were calculated and presented in number of defined
daily doses (DDD) per 1,000 inhabitants per day.

Characteristics of carisoprodol intoxications (2000–2003)

For the period 2000–2003, the autopsy cases where
carisoprodol and/or meprobamate were detected were
studied in detail. For these years, the official cause of death
in each case was collected from the cause of death register
at Statistics Norway after permission from the Norwegian
data inspectorate and the directorate for health and social
affairs. Based on the classification from the death register,
the cases were divided into those with intoxication as
primary cause of death with detection of carisoprodol
(group A) and deaths from other causes where carisoprodol
was detected (group B).

In group A, the relevance of carisoprodol as the cause of
death was further estimated as follows:

Group A1 Intoxication with findings of carisoprodol/
meprobamate only or only with one other
additional drug present in therapeutic concen-
trations, or only additional ethanol in a
concentration below 1 g/l.

Group A2 Intoxication with other drugs present but not
in lethal concentrations, according to the
criteria described below.

Group A3 Intoxication with one or more other drugs present
in a lethal concentration. The limits of lethal
concentrations of other drugs were set after
consulting three different sources: the compilation
of fatal concentrations of drugs by Druid and
Holmgren [17], The International Association of
Forensic Toxicologist reference blood level list
[25] and the information from the Poisindex in
the Micromedex [26]. We used the lowest lethal
concentration reported in these three sources
multiplied by 2, not to get a too low level, as
the lowest lethal concentration for each particular
drug. For ethanol, the level was set to 3 g/l. If
two or more drugs were present in concentrations
above 50% of the defined lethal levels, the
combined effects of these drugs were considered
lethal.

Group B (deaths from other causes) was used as a
reference group for group A.

The samples in group A2 and A3 were central post-
mortem blood in one case, pericardial fluid in one case and
serum and plasma respectively sampled at hospital before
death in two cases. In group B, the samples were central
blood in two cases and muscle in one case. In group A1 and
the rest of groups A2, A3 and B, the specimen was
peripheral post-mortem blood in all cases. The blood/serum
partition coefficients are 0.88 and 0.95 for carisoprodol and
meprobamate, respectively (unpublished results).

A second reference group consisted of 356 suspected
drugged drivers, from the period 1985–1998, in whom
carisoprodol or meprobamate was detected in their blood
(group C) [41].

Calculation of fatal toxicity index

The FTI was calculated for the years 2000–2003 after the
model of Reith et al. [27]. The number of deaths associated
with carisoprodol intoxications each year was divided by
the total number of DDD carisoprodol sold in the same
year. Like Reith et al., we also used the number of all
deaths from intoxication where carisoprodol was detected
and not only the cases where carisoprodol was considered
the primary agent. The DDD for carisoprodol is 1.4 g.
Wholesale of drugs were expressed as DDD/1,000 inhab-
itants/day, and to calculate the total amount of DDD sold,
the number was multiplied both by 365 and midyear
population of Norway in each year.

Total number of cases (1992–2003)

For the whole period, the cases with carisoprodol or
meprobamate in blood were counted but were not described
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in more detail. This was done to see if the total number of
cases had increased over a longer time period and how this
was related to the sales figures for carisoprodol. These
cases included both intoxications as well as deaths from
other causes.

Analytical method

From 1992 until early 2003, all blood samples from
autopsy cases were screened for medicinal drugs, including
carisoprodol and meprobamate, using capillary gas-chro-
matography (GC) combined with nitrogen-phosphor and
flame ionization detectors. The blood samples (200 μl)
were extracted with butyl acetate after adding internal
standard solution (methqualone) and saturated potassium
dihydrogen phosphate (pH 5). Confirmation and quantifi-
cation analyses for carisoprodol and meprobamate were
performed by GC using alternative capillary column
compared to screening and the extraction procedure
described above. For other medicinal drugs, confirmation
and quantification were performed through high-perfor-
mance liquid chromatography combined with UV or
electrochemical detectors or with GC using an alternative
capillary column compared to screening. From early 2003,
all samples were screened by liquid chromatography–mass
spectrometry (LC/MS-EI mode), covering 62 medicinal
drugs, including carisoprodol, meprobamate and a number
of antidepressants, antipsychotics, analgesics, antiepileptics,
benzodiazepines and related compounds. The blood cells
were precipitated with acetonitrile, followed by centrifuga-
tion and injection of the supernatant on the LC-column.
Methqualone was used as internal standard. Confirmation
and quantification were performed with a LC/MS system
using an alternative LC-column and sample preparation
procedure compared to screening. The limit of quantifica-
tion (LOQ) for carisoprodol was 0.34 mg/l with the GC
method and 0.78 mg/l with the LC/MS method. An
administrative cut-off value for carisoprodol was set at
2.6 mg/l until July 1996 and then changed to 1.3 mg/l,
which has been used during the rest of the study period.
Only values above these levels were reported as positive
results. The LOQ for meprobamate was 1.35 mg/l with the
GC method and 1.1 mg/l with the LC/MS method. An
administrative cut-off for meprobamate was unchanged at
2.2 mg/l during the whole study period. Only values above
this level were reported as positive results. All changes of
analytical methods were based on validation programs
including comparison of the old and new methods before
the new analytical program could be accepted. The
between-day precisions at cut-off levels were approximate-
ly 16% for both carisoprodol and meprobamate during the
period using GC quantification. When changed to LC/MS
quantification, the between-day precisions were approxi-

mately 7 and 8% for meprobamate and carisoprodol,
respectively.

The standard analytical program for autopsy cases also
includes alcohols and acetone, analysed by head-space GC
and an enzymatic method (alcohol dehydrogenase) for
ethanol and illegal drugs screened by an immunological
method (enzyme multiplied immunoassay technique), fol-
lowed by confirmation and quantification using GC/MS.
These analytical programs have been unchanged during the
period covering samples included in this study.

Results

Fatal carisoprodol intoxications (2000–2003)

A total of 5,001 forensic autopsies were analysed during the
period 2000–2003. Carisoprodol and meprobamate (92%),
or meprobamate alone (8%), were detected in 156 cases, of
which official causes of death records were available for
150 cases. Of these, 98 had died from intoxication; 27 of
these were classified as suicides. The remaining 52 persons
died of varying causes, the most frequent being violent
deaths from fire, hanging, drowning, shooting or traffic
accidents (23 cases) or cardiac disease (12 cases).

Of the 98 intoxications, carisoprodol and meprobamate
were the only drugs detected in only one case; in another
four cases, there were only minor other toxicological
findings. These five cases constituted group A1. There
were 34 cases of mixed intoxications where no other drugs
or combinations were thought to be present in fatal
concentrations (group A2). The remaining 59 cases were
mixed intoxications where the other drugs were considered
to be present in fatal concentrations (group A3). Concen-
trations of carisoprodol and meprobamate, as well as age,
sex and percent of cases with additional drugs detected in
the carisoprodol intoxications, were compared with the two
reference groups, and the results are shown in Table 1. All
but one case were mixed intoxications, and the most
frequent additional drugs detected were codeine and
morphine (64 cases), diazepam (43 cases), ethanol (33
cases) and selective serotonergic re-uptake inhibitors
(SSRI; 22 cases). There were no SSRIs detected in group
A1, 7 in group A2 and 15 in group A3. There was a non-
significant tendency towards lower concentrations of
carisoprodol in the intoxications where SSRI was present
in addition (data not shown). Paracetamol was the only
drug detected, in addition to carisoprodol and meprobam-
ate, in only two cases. In the rest of the intoxications, drugs
with an abuse potential were present in addition to
carisoprodol/meprobamate. Illegal drugs like cannabis and
amphetamine were only present in five and three cases,
respectively.
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Fatal toxicity index

FTI [27] was calculated for the years 2000–2003. The
number of fatal intoxications with carisoprodol and the total
prescription each year are shown in Table 2. When the total
number of fatal intoxications involving carisoprodol each
year was divided by the total amount of DDD, it gave a FTI
between 5.6 and 6.9 deaths/1 million DDD sold (Table 2).

Number of autopsy cases (1992–2003) and sales figures

An average number of 1,710 forensic autopsies were
analysed each year during the period 1992–2003. The
number of forensic autopsy cases where carisoprodol was
detected increased from 1992 to 2003, both in absolute
numbers and when adjusted for total number of cases
analysed. These cases include both intoxications and deaths
from other causes. There was also an increase in the sales of
carisoprodol during the period. The number of cases was
related to the amount of carisoprodol sold in Norway
(Pearson’s test, r=0.805, p<0.01), as shown in Fig. 1.

Discussion

In this study, we investigated fatal carisoprodol intoxica-
tions regarding concentrations, FTI and development
related to sales figures during the last decade.

The classification of deaths might be a weakness of the
present study. By gathering the official cause of death from
Statistics Norway, we believe the classification into
“intoxications” or “deaths from other causes” was as
reliable as possible, but the importance of other drugs

relative to carisoprodol was subject to interpretation. Each
case was, however, classified after strict criteria based on
well-known references to minimize this source of error. The
cause of death register in Norway has a near 2 year delay,
and deaths from 2004 and 2005 were therefore not included
in the study. A second possible weakness was that the post-
mortem concentrations of carisoprodol and meprobamate
may deviate from pre-mortem values because of post-
mortem redistribution. This is, however, most significant
for drugs with a high volume of distribution (VD) [28–30],
whereas carisoprodol and meprobamate have a low VD [19].
A third methodological problem was the administrative cut-
off for carisoprodol, which was lowered in 1996, and could
explain some of the increase in number of cases after this
time. However, there was a continuous rise in number of
carisoprodol detections from 1995 and throughout the
study.

Reference studies and textbooks consider different levels
of carisoprodol to be lethal. Some sources claim that
carisoprodol is lethal only at concentrations above

Table 1 Characteristics of carisoprodol intoxications (A: 2000–2003) compared to other deaths (B: 2000–2003) and drugged drivers (C: 1985–
1998)

A: Intoxications with carisoprodol (n=98) Controls

A1 None, or minor
other drugs (n=5)

A2 No other
lethal drugs
(n=34)

A3 Other
lethal drugs
(n=59)

B Other deaths with
carisoprodol detected
(n=52)

C Drugged
drivers
(n=356)

Number of suicides N (%) 3 (60) 8 (24) 16 (27)
Number of women N (%) 3 (60) 20 (59) 32 (54) 15 (34) 144 (40)
Age (years of age) Median (range) 38 (29–55) 42.5 (19–59) 39 (19–63) 44 (18–72) 34 (19–67)
Numbers of cases with
additional drugs detected

N (%) 4 (80) 34 (100) 59 (100) 35 (81) 304 (85)

Concentration,
carisoprodol (mg/l)

Median (range) 36 (8–65) 9.4 (0–257) 5.7 (0–46) 2.5 (0–24) 4.2 (0–31)

Concentration,
meprobamate (mg/l)

Median (range) 38 (6.8–62) 11 (0–62) 11 (0–47) 5.7 (0–33) 15.5 (0.4–56)

Carisoprodol +
meprobamate (mg/l)

Median (range) 46 (24–103) 23 (3–271) 15 (1–74) 8 (2–39) 20 (1–81)

Table 2 Calculation of FTI (deaths by intoxications/sales) for the
years 2000–2003

Year Total
number of
autopsy
cases
analysed

Deaths by
intoxication (n)
with
carisoprodol
detected

Sales
(1,000,000
DDD of
carisoprodol
sold/year)

FTI
(deaths/
1,000,000
DDD)

2000 1,852 24 3.6 6.7
2001 1,741 25 3.7 6.8
2002 1,768 22 3.9 5.6
2003 1,640 27 3.9 6.9

406 Int J Legal Med (2007) 121:403–409



100 mg/l [16]. This may, however, be due to a misinterpre-
tation from an earlier work where carisoprodol and mepro-
bamate levels were added together [31]. Published autopsy
materials [17, 21] and case-reports [18–20] indicate fatal
concentrations to be much lower at around 25 mg/l. The
results from group A1 in our study, with a median
concentration of 36 mg/l and a range of 8–65 mg/l (Table 1),
were in accordance with these data. Considering that the
maximum serum or blood concentration after administration
of 700 mg carisoprodol is in the range of 3–6 mg/l [32, 33],
our study gave an impression of the therapeutic index of
carisoprodol to be around 10, which is relatively low
compared to, for instance, most benzodiazepines [34]. We
classified the cases according to the toxic potential of the
other drugs found and assumed the importance of
carisoprodol to be higher when no other drugs were
present in lethal concentrations. The median concentration
of carisoprodol in group A2, where carisoprodol must be
considered the most relevant drug, was 9.4 mg/l, which is
significantly higher than in group A3 (5.7 mg/l; p=0.028).
In the control groups B and C, the concentrations of
carisoprodol were lower as expected (Table 1). These
concentrations are comparable to what has been seen after
clinically used doses.

The mechanism of deaths from carisoprodol overdose is
not known in detail. Despite genetic polymorphism [33] and
possible saturation of enzymes after ingestion of large doses
[11], the ratio between carisoprodol and meprobamate in
group A, especially group A1, in the present study indicated
relatively recent ingestion of carisoprodol [1, 32, 33]
compared to group A3 and the reference groups B and C.

This may indicate two situations. Firstly, it would seem that
the deaths cannot be attributed to the effects of meprobam-
ate alone, as the concentrations of meprobamate differ less
than carisoprodol between the intoxications and the refer-
ence groups. Secondly, a death from the barbiturate-like
meprobamate would be expected to be more protracted,
although it seems that carisoprodol has a mechanism that
leads to a more sudden death. Previous studies have reported
symptoms after carisoprodol intoxication resembling those
of the serotonin syndrome unlike the CNS-depressing
symptoms produced by meprobamate [11–14]. In theory,
the combination of carisoprodol and SSRIs could be
especially dangerous, and the frequent finding of SSRIs
(n=22) in the present study, as well as the tendency of lower
concentrations of carisoprodol in these cases, might strength-
en this assumption.

This study confirmed carisoprodol as an agent that is
often used in combination with other drugs. Previous
studies of fatal carisoprodol intoxications have also
reported frequent detection of additional drugs [17, 21]. A
large degree of polydrug abuse is also reported from fatal
intoxications with other drugs, where an average of 2.4–3.5
drugs are found [35, 36], as well as studies of drugged
drivers showing an average number of 2.6 additional drugs
[37].

Our material had a clear overrepresentation of women,
with 56% in group A. Among all autopsy cases sent to the
Division of Forensic Toxicology and Drug Abuse during
2004, only 27% were women. This low fraction of women
could be due to the reason for forensic autopsies, which are
often violent deaths and suicides, where men are repre-
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sented two to four times more frequently than women [35,
38–40]. Group C consisted of 40% women, but, as
previously published, female drivers only constituted 10–
14% of the drivers suspected of drugged driving [41]. The
present study therefore confirmed the position of cariso-
prodol as a “women’s drug”. This is in accordance with the
Drug Abuse Warning Network data, which estimates all
intoxications in emergency rooms in the USA. Of all
patients admitted to emergency rooms because of cariso-
prodol intoxications, 72% were women [42].

We calculated a FTI that was higher than for many other
drugs, but this was based on all intoxications with
carisoprodol and not only the ones where it was the
primary agent [43]. This was, however, strictly based on
the model of Reith et al. [27] to be able to make
comparisons with the previous published data. The FTI
between 5.6 and 6.9 deaths/1 million DDD for carisoprodol
was higher than their findings for diazepam (5.2), oxaze-
pam (4.9), nitrazepam (2.8) and zopiclon (1.9) but lower
than for alprazolam (16.0) and klonazepam (16.1) [27].
This trend is also seen in the Drug Abuse Warning Network
data, where carisoprodol was at position 17 of the most
frequently mentioned drug in emergency rooms, after
alprazolam and clonazepam. Other drugs mentioned more
often than carisoprodol were the schedule 1 substances
cocaine, cannabis and heroin, as well as paracetamol and
ibuprofen [42].

The development of forensic autopsies involving car-
isoprodol from the period 1992–2003 also increased
together with the sales figures for carisoprodol. We only
had information about cause of death for the last 4 years,
but the majority (65%) of the deaths were intoxications. As
the importance of carisoprodol was variable in these cases,
carisoprodol could have been a spurious finding in persons
who died from intoxication with other drugs. The FTI and
the development of forensic autopsies with carisoprodol
over time, therefore, do not necessarily indicate a marked
toxicity of carisoprodol, but carisoprodol was at least often
ingested together with toxic drugs.
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