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Abstract 

Background 

In toxicology, international classification systems focus on single intoxicants as the 

cause of death. It is, however, well known that very few drug related deaths are 

caused by a single substance and that information concerning the drug 

concentrations as well as the combinations of drugs are essential in order to 

ascertain the cause of death. The aim of the study was to assess whether those 

prone to fatal intoxications differ significantly from chronic drug users - in terms of 

demographics and drug exposure patterns. 

Material and Methods 

Fatal psychoactive drug intoxications in Norway during 2012, where a forensic 

autopsy including toxicological analysis were performed, were included. Analytical 

findings in blood were compared with concentrations in blood from apprehended 

drivers under the influence of drugs and ethanol (DUID) during the same time period. 

The opioid and benzodiazepine concentrations were assessed as morphine and 

diazepam equivalents, respectively, in order to compare concentrations across the 

different groups. 

Results 

A total of 194 autopsy cases and 4,811 DUID cases were included. Opioids were 

detected in around 90% of the drug intoxication cases, but in only 16% of the DUID 

cases. The number of substances detected in fatal intoxications was 4.9 compared to 

2.4 in the DUID cases. The total opioid concentrations were significantly higher in the 

fatal intoxication cases compared to DUID cases (229 ng/mL versus 56.9 ng/mL 

morphine equivalents, respectively). Benzodiazepines were detected in 90% of the 

fatal cases. Only one fatal opioid mono-intoxication was found; a case with a very 

high methadone concentration (1238 ng/mL). 

Discussion 

Mono-intoxication with heroin was not seen in any of the fatal intoxications in Norway, 

and single drug intoxications were rare (1.5%). Fatal intoxications were caused by a 

combination of drugs with significantly more substances as well as higher total drug 

concentrations among the fatal cases compared to the DUID cases. The combination 

of opioids and benzodiazepines seemed to represent an increased risk of death. 
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Conclusion 

The total load of drugs influence the degree of intoxication and the total concentration 

level must be considered, including the total number of substances. Our findings 

imply that international statistics regarding an opioid being the main intoxicant should 

have a shift in focus towards combinations of drugs (especially opioids and 

benzodiazepines) as a major risk factor for fatal drug overdoses. 

 

Keywords: Fatal intoxication; narcotic; death; drugs addict; drug combination; drug 

concentration; forensic toxicology 
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Introduction  

Both national and international statistics indicate opioids to be the leading cause of 

fatal intoxications in Norway (1-3). Heroin is the most commonly used opioid in 

Norway, and it is estimated that approximately 85% of the heavy opioid users inject 

heroin (1). Injection of heroin is a drug administration route prone to cause fatal 

overdoses, and could partly explain the high overdose rate seen in Norway compared 

with many other European countries where injecting heroin is less common (2, 4). 

In the Global Burden of Health calculations, misuse of illicit drugs is ranked as the 

10th leading risk factor for a reduction of disability-adjusted life years (DALYs) in 

Norway in 2015 (5). More than 41 000 years of life lost (YLLs) are attributed to the 

use of alcohol and illicit drugs, and ranks as the 5th leading risk factor for early death 

in Norway in 2015; for the ages 15 to 49 years it is regarded as the leading 

contributor to early death. Fatal opioid-related intoxications among men are stated to 

be a strong driving force for the YLLs (5, 6). 

Drug induced deaths are classified according to the presence of drugs in toxicological 

samples, and most countries use international classification systems, like the ICD 

(International Classification of Diseases) (7), for diagnostic purposes. A single 

substance is typically chosen as the main intoxicant, and positive findings of e.g. 

morphine/heroin or methadone, lead to the classification of a heroin or methadone 

related death, respectively, by hierarchal traditions. However, in the majority of the 

fatal intoxications, several drugs may contribute to death (8-11). There is consistent 

knowledge about the dose-response relationship for specific psychoactive 

substances and the risk of intoxication is highly related to the drug concentrations, 

still with individual variations (12). A considerable overlap between concentrations of 

drugs of abuse seen in living persons and in fatal overdose cases has been reported 

(12). Possible explanations include the administration route, drug combinations, 

variable tolerance and metabolism within and between individuals, and post mortem 

redistribution of drugs. 

In order to prevent fatal drug intoxications and to develop appropriate preventive 

strategies, it is important to be aware of and further understand the interrelationships 

between risk factors for intoxication, and especially whether such increased risk 

might be related to drug combinations and concentrations. 
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The aim of the study was to assess whether those who died from intoxications 

differed significantly from a group considered as chronic drug users regarding 

demographical data, choice of drug(s), and blood concentrations. 

Materials and Methods 

Material 

All instances of fatal intoxications in Norway subject to forensic autopsy during 2012 

were assessed according to inclusion criteria described by Simonsen et al. (13). The 

cause of death was determined to be intoxication. Mono-intoxications with ethanol 

were excluded. 

According to the Norwegian Criminal procedure Act, a forensic autopsy is only 

mandatory where death is suspected to have been caused by a punishable act, in 

cases where the deceased is unidentified or among deceased younger than 18 

years. However, a forensic autopsy is also recommended in suicides, accidents and 

cases of sudden, unexpected death. Further, the doctor is obliged to report such 

cases to the police, also including cases of suspected drug related deaths (14). A 

forensic autopsy is thus not performed in all suspected intoxication deaths, but it is 

estimated that approximately 90% of the cases are subject to such an autopsy (15). 

Whole blood samples collected during autopsies were, for 95% of the cases, 

analysed at the Department of Forensic Sciences, Oslo University Hospital (OUH). 

The remaining 5% were analysed at the Department of Clinical Pharmacology, St. 

Olavs Hospital – Trondheim University Hospital. 

In fatal overdoses, several drugs are often detected in blood (16). We do not know 

whether the pattern of number of drugs and concentrations reflect regular drug use.  

Therefore, we wanted to compare findings among deceased with findings among a 

population of living drug users. The preferred comparable data would be findings 

from non-fatal intoxications, but such data are not available. The comparison with 

DUID cases was considered the second best option because drivers apprehended by 

the police often are chronic drug users, reflected in the fact that they frequently test 

positive for more than one psychoactive substance in high concentrations (17). In a 

study of apprehended drivers in Norway one or more drugs were detected in 



6 
 

concentrations above the limit for graded sanction corresponding to 0.12% blood 

alcohol concentration (BAC) in about 40% of the cases (18). Other studies have 

shown that a significant number of drivers killed in traffic accidents had been 

apprehended by the police due to impaired driving at previous occasions (19). The 

DUID cases in the present study thus consist mainly of persons with significant drug 

use, and represent, to a certain extent, individuals with characteristics similar to those 

of fatal drug deaths in terms of dangerous/problematic drug use. 

Samples from drivers apprehended by the police nationwide due to suspected driving 

under the influence of drugs and ethanol (DUID) in 2012, were included for 

comparison of drugs involved, drug concentrations and demographic data. All DUID 

cases were analysed according to a standard protocol at OUH for ethanol and 

approximately 40 medicinal substances and illicit drugs. 

Samples 

From the autopsy cases, only cases with whole blood samples collected from the 

femoral vein were included in the study. The samples were collected into 20 mL 

Steriline®  tubes (Bibby Sterilin, Staffordshire, UK), containing 0.3 ml 67 % (w/v) 

potassium fluoride (KF) solution as a preservative. Blood obtained from a peripheral 

vein from DUID subjects were collected into 5 mL Vacutainer® tubes, containing 20 

mg NaF (a preservative) and 143 IU of heparin (BD Vacutainer Systems, Belliver 

Industrial Estate, Plymouth, UK). 

Analyses 

The samples were analysed shortly after arrival at the laboratories. Figure 1 

illustrates the distribution and analytical principles of the sample handling. 

The autopsy samples received at OUH were analysed for around 100 different 

psychoactive compounds in total. Ethanol screening was performed by an enzymatic 

method (20) and a positive finding was confirmed by gas chromatography (21). 

Amphetamines, cannabinoids, cocaine metabolites, and opiates were screened for 

by an immunological method (22). Screening for other drugs was performed using 

high-performance liquid chromatography with mass spectrometry detection (LC-MS) 

(23). Confirmatory analyses were done by gas chromatography with mass 

spectrometry (GC-MS) or LC-MS (23-26). 
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In the autopsy samples received at St. Olavs Hospital, whole blood was subjected to 

specific analyses for alcohols (ethanol, methanol, isopropanol, acetone) using a 

headspace GC–MS method, and specific analyses for benzodiazepines (diazepam, 

nordiazepam, oxazepam, nitrazepam, 7-aminonitrazepam, flunitrazepam, 7-

aminoflunitrazepam, clonazepam, 7-aminoclonazepam, alprazolam, midazolam), 

opioids (morphine, codeine, ethylmorphine, oxycodone, fentanyl, buprenorphine, 

morphine-3-glucuronide (M3G), morphine-6-glucuronide (M6G), 6-MAM) and 

amphetamines (amphetamine, methamphetamine, MDMA and MDA) using LC–MS 

methods. In addition, blood specimens were screened against comprehensive drug 

libraries (National Institute of Standards and Technology Mass Spectral Library, 

Forensic Toxicology Retention Time Locking Database/Library and 

Pfleger/Maurer/Weber Drugs and Pesticides Library for Toxicology) with a GC–MS 

method. When available, urine was also screened for drugs of abuse using LC–MS 

and GC-MS methods. Positive screening results, as well as explicit information about 

drug use in the case histories, were confirmed by specific analyses in blood using 

LC–MS and GC–MS methods. 

Sample analysis 

Autopsy cases 
n=194 

Oslo University Hospital 
(95%) 

Screening 
Enzymatic ethanol screening 

Immunological screening 

HPLC-MS 

Confirmation 
GC-MS 
HPLC-MS/MS (incl. UHPLC-
MS/MS) 

St. Olavs Hospital 
(5%) 

Screening 
GS-MS 
LC-MS 

Confirmation 
GC-MS 
HPLC-MS/MS (incl. UHPLC-
MS/MS) 

DUID cases 
n=4,811 

Oslo University Hospital 
(100%) 

Screening 
Enzymatic ethanol screening 
LC-MS/MS 

Confirmation 
GC-FID 
GC-MS 
HPLC-MS/MS (incl. UHPLC-MS/MS) 

Figure 1: The distribution and analyses of the samples 
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DUID samples (all analysed at OUH) were screened for ethanol by an enzymatic 

method (20) and the ethanol concentration was quantified using headspace GC-FID 

(22). High-performance liquid chromatography with tandem mass spectrometry (LC-

MS/MS) was used for analysing a selection of illicit drugs, sedatives, hypnotics and 

analgesics (27). The confirmation analyses of tetrahydrocannabinol (THC) were done 

by GC-MS (24), for amphetamine and methamphetamine by GC-MS (26), for 

benzodiazepines by LC-MS/MS (28), for heroin and its metabolites by LC-MS/MS 

(29), for other opiates by ultra-high liquid chromatography with tandem mass 

spectrometry (UHPLC-MS/MS) (30), for gamma-hydroxybutyrate (GHB) by UHPLC-

MS/MS (31), for lysergic acid diethylamide (LSD) by UHPLC-MS/MS (32), and for z-

hypnotics by UHPLC-MS/MS (33). 

Drug groups 

The drugs were classified in drug groups for comparison of drug findings- and 

concentrations. The definitions of the groups are presented below. 

Opioids: Included opioids were heroin/morphine, methadone, buprenorphine, 

oxycodone, fentanyl, hydromorphone, codeine, tramadol and AH-7921. 

Heroin is rapidly metabolised to 6-monoacetylmorphine (6-MAM) in blood and further 

into morphine after intake. Consequently, if 6-MAM is not detected, it is impossible to 

determine whether heroin or morphine was used. We have therefore defined cases 

with morphine in blood and/or 6-MAM in blood/urine without a high codeine 

concentration as heroin/morphine cases on the basis of the toxicological analysis. 

Codeine was regarded as a codeine-case if there was no concomitant morphine or if 

a concomitant morphine concentration was <10% of the codeine concentration (34).  

If the concomitant morphine concentrations were >10%, the cases were not regarded 

as codeine cases. Codeine was regarded as a trace amount/pollution if concomitant 

6-MAM in blood or urine was present. 

Benzodiazepines: Included benzodiazepines were clonazepam, 7-aminoclonazepam, 

diazepam/nordiazepam, alprazolam, oxazepam, etizolam, phenazepam, 

flunitrazepam, lorazepam, and nitrazepam. The z-hypnotics zolpidem and zopiclone 

were added to benzodiazepines due to their similar sedating effects. 
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Amphetamine/methamphetamine: Methamphetamine is partly metabolised into 

amphetamine in vivo (35). It is not possible to differentiate between intake of pure 

methamphetamine and intake of a mixture of methamphetamine and amphetamine. 

These findings were therefore summarized, and denoted 

“amphetamine/methamphetamine”. 

Cannabis: Detection of THC in blood above the detection limit was defined as a 

positive THC-sample. 

Ethanol: Ethanol was only included with concomitant findings of the metabolites ethyl 

glucuronide or ethyl sulphate in the autopsy cases. 

Other substances: Substances not eligible to any of the above mentioned groups 

were called “other substances”. This group consists of a variety of substances with a 

broad spectrum of effects, but the number of cases where these drugs were found 

was low compared to the other groups. Further analysis of these findings were thus 

considered unwarranted. Substances in this group were: 2-phenylethylamine, 

cocaine, 3,4-methylenedioxyamphetamine (MDA), 3,4-

methylenedioxymethamphetamine (MDMA), para-methoxyamphetamine (PMA), 

para-methoxymethamphetamine (PMMA), methylphenidate,  methoxetamin, 

alimemazine, promethazine, amitriptyline, nortriptyline, bupropion, citalopram, 

duloxetine, fluoxetine, mianserin, mirtazapine, paroxetine, sertraline, trimipramine, 

venlafaxine, phenytoin, carbamazepine, lamotrigine, pregabalin, valproic acid, 

hydroxyzine, ketamine, flupenthixol, chlorprothixene, clozapine, levomepromazine, 

olanzapine, perphenazine, quetiapine, risperidone and LSD.  

All of the abovementioned drugs are counted as psychoactive substances in the 

“Results” section. 

Compilation of drug concentrations  

The opioid and benzodiazepine concentrations were assessed as morphine and 

diazepam equivalents, respectively, in order to compare concentrations across the 

different groups (Table 1). Clonazepam is metabolised into the inactive metabolite 7-

aminoclonazepam post mortem (36), and clonazepam itself is rarely detected in 

autopsy cases. The concentration of 7-aminoclonazepam is therefore regularly used 

https://www.drugs.com/mmx/flupenthixol-dihydrochloride.html
https://www.drugs.com/international/chlorprothixene.html
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as a proxy for interpretation of clonazepam concentrations in forensic toxicology 

cases.  

Table 1: Conversion factors for morphine- and diazepam equivalents 

Compound Conversion factor 

Morphine equivalents  

Methadone 0.375 

Morphine 1.00 

Morphine-6-glucuronide 1.00 

Oxycodone 0.60 

Diazepam equivalents  

Alprazolam 20.0 

Nordiazepam 0.50 

Diazepam 1.00 

Fenazepam 33.0 

Flunitrazepam 40.0 

Clonazepam 48.0 

7-aminoclonazepam 48.0 

Lorazepam 6.70 

Nitrazepam 3.30 

Oxazepam 0.33 

Zolpidem 2.00 

Zopiclone 6.70 

 

For the DUID cases, only clonazepam is measured and used in evaluation of 

impairment, since 7-aminoclonazepam is inactive and not relevant for evaluation of 

impairment. 

Diazepam equivalents (37-39) were used to calculate the total benzodiazepine 

concentration for comparison of concentrations from the fatal intoxication cases with 

the DUID cases (40). For the autopsy cases, clonazepam was not included in the 

calculation, only 7-aminoclonazepam, and for the DUID cases the metabolite was not 

measured, hence only clonazepam-levels were available for consideration and the 
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concentration was multiplied with 48 to mimic the clonazepam-concentration. For 

nitrazepam and flunitrazepam, only the parent compounds were included in the 

calculation in both groups. 

Measured levels of methadone, oxycodone and morphine-6-glucuronide (M6G), were 

expressed as morphine equivalents (40-44). Morphine and M6G have similar effects, 

but somewhat different potency, and M6G has lower depressant effects on the 

respiration centre (45). In the present study M6G is regarded as a product of 

heroin/morphine intake and the concentrations of M6G and morphine considered as 

equipotent. A number of studies show that M6G is psychoactive (45); therefore it is 

included in order to evaluate the effects of opioid concentrations. 

Statistical methods 

Differences in the number of psychoactive substances and concentrations were 

assessed using Wilcoxon Rank Sum Test in SPSS Statistics Version 22 and 23 (IBM 

Corporation, Armonk, NY). 

Ethics 

Approval has been achieved from the Regional Ethics Committee, 2013/786 

REK sør-øst B, and from the Public Prosecutor at the Office of the Director of Public 

Prosecutions, 2013/01346-002 AGJ/ggr 639.2. Only anonymised data is presented in 

tables and figures. 

Results 

A total of 194 fatal intoxication cases and 4,811 DUID cases were included. Mean 

age, age and gender distribution and mean number of drugs detected are presented 

in Table 2. The age distribution is somewhat lower among the DUID cases, with 57% 

of the cases being younger than 35 years versus 42% of the autopsy cases. Men 

were overrepresented in both groups, and the prevalence of men was highest among 

the DUID cases. 
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Table 2: Demographic data for both groups 

Group N Mean 

age 

Age 

range 

Men (%) Mean 

number of 

drugs* 

Range, 

number of 

drugs 

Autopsy 194 37.8 18-66 79 4.9 1-12 

DUID 4,811 34.1 14-79 86 2.6 1-10 

*incl. ethanol 

 

Toxicological findings in autopsy cases 

Among the autopsy cases, only three (1.5%) mono-intoxications were found (Figure 

2). 

 

Figure 2: Number of psychoactive substances detected in the autopsy and the DUID group. 

 

Opioids were found in 179 (92%) of the cases, and benzodiazepines in 175 (90%) 

cases. Amphetamine/methamphetamine was found in 85 (44%) cases and THC in 77 

(40%) cases. Ethanol was detected in 28 (14%) cases. “Other substances” were 

detected in 101 (52%) cases (Figure 3). 

Figure 3 shows in more detail the ten most frequently detected substances in the 

autopsy group, with heroin/morphine (as indicated by findings of 6-MAM and/or 

morphine;  54%) and clonazepam/7-aminoclonazepam (40% and 54% of cases, 
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respectively; total of 54%) being the most frequent substances found. Other 

frequently found substances were diazepam/nordiazepam (44% and 47% of the 

cases, respectively; total of 50%), amphetamine and/or methamphetamine (44 % of 

cases), THC (40 % of cases) and methadone (34 %). 

 

 
 
Figure 3: The most frequently found substances in fatal intoxications in 2012 (grey bars), 
along with total percentage of the positive cases for the different drug groups (shaded bars). 

 

Of the three mono-intoxication cases, relatively high concentrations of 

amphetamine/methamphetamine (446 ng/mL and 343 ng/mL) were found in two 

cases; the third case had a methadone concentration of 1238 ng/mL. In the sixteen 

cases with two different substances opioids were detected in 13 cases, 

benzodiazepines in 9, THC in 3, ethanol in 2, amphetamine/methamphetamine in 2 

cases, and single cases with perphenazine, sertraline, and valproic acid. All of the 

remaining autopsy cases were poly drug cases with substances from at least two 

different drug groups. 

Toxicological findings in all cases 

The autopsy cases were positive for more psychoactive substances than the DUID 

cases (p<0.001; Figure 2). 

Higher concentrations of benzodiazepines and opioids were found in the autopsy 

cases (p<0.001), whereas higher concentrations of THC (p=0.005) and ethanol 

(p=0.04) were found in the DUID cases. There was no significant difference in the 
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concentrations of amphetamine/methamphetamine between the two groups (Table 

3). The mean diazepam concentration in the DUID cases was nearly three times 

higher than in the autopsy cases, whereas the nordiazepam concentration was twice 

as high. The median concentrations of amphetamine/methamphetamine were high in 

both groups; however, amphetamine/methamphetamine is rarely associated with 

fatal mono-intoxication (46-48).             

Table 3: Median, minimum and maximum concentrations (ng/mL); autopsy and DUID cases 

 Autopsy cases (n=194) DUID (n=4,811) 
Wilcoxon 
Test 

Valid 
N 

% Median Min Max 
Valid 

N 
% Median Min Max P= 

Benzodiazepines* 173 89.2 1.76 5.69 45.9 2,887 60.0 1.03 28.5 28.2 <0.001 

Opioids** 159 82.0 211 2.85 3.91 403 8.4 40.0 6.56 2.60 <0.001 

Amphetamine/ 
methamphetamine 

85 43.8 385 104 5.15 1,997 41.5 343 27.0 5.68 0.386 

THC 77 39.7 2.30 0.31 157 1,823 37.9 2.96 0.63 72.3 0.005 

Ethanol (‰) 28 14.4 0.85 0.10 4.1 1,698 35.3 1.4 0.04 4.3 0.040 

* Diazepam equivalents of alprazolam, nordiazepam, diazepam, fenazepam, flunitrazepam, clonazepam, 7-
aminoclonazepam, lorazepam, nitrazepam, oxazepam, zolpidem, and zopiclone. The autopsy cases excluded 
clonazepam, whereas the DUID cases were not analysed for 7-aminoclonazepam 
** Morphine equivalents of morphine, M6G, methadone, oxycodone 

 

Heroin/morphine cases 

Heroin/morphine and one or more benzodiazepines was the most frequent drug 

combination found among the autopsy cases. In total, benzodiazepines were 

detected in 94 (89%) of the 106 heroin/morphine positive cases, with 7-

aminoclonazepam and/or diazepam/nordiazepam being the most frequently found 

benzodiazepines present in 79 of the heroin/morphine positive autopsy cases. 

Stimulants were detected in 48 cases (45%), whereas THC was found in 35 cases 

(33%). Only 14 (13%) of the 106 heroin/morphine positive cases were positive for 

ethanol. Other substances were detected in 42% of cases. Between two and 12 

different substances were found in each heroin/morphine-positive case, with a mean 

number of 4.9 substances per case. 

Heroin/morphine was found in less than 5% of the DUID cases. Among these, the 

same pattern of combinations was seen, with almost 80% of heroin/morphine positive 

cases testing positive for benzodiazepines (especially clonazepam and diazepam, 
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but also alprazolam). The heroin/morphine positive DUID cases were to a lesser 

degree associated with stimulants (34%) and other substances (9%) than the 

heroin/morphine positive autopsy cases. In the heroin/morphine-positive DUID cases 

the total number of different substances varied between one and nine, with a mean 

number of 3.6 substances per case. 

As presented in Table 4, when only taking into consideration heroin/morphine-

positive cases, there were still significant differences between autopsy and DUID 

cases when considering concentrations of benzodiazepines (p=0.036) and opioids 

(p<0.001), with autopsy cases having the highest concentrations. For THC, there 

were higher concentrations among the DUID heroin/morphine-positive cases than 

among the autopsy cases. There were no significant differences in 

amphetamine/methamphetamine and ethanol concentrations. 

Table 4: Median, minimum and maximum concentrations (ng/mL) in heroin/morphine-positive 
cases; autopsy and DUID cases.  

 
Autopsy cases (n=194) DUID (n=4,811) 

Wilcoxon 
Test 

Heroin/morphine 
cases 106 230 

 Valid 
N 

% Median Min Max 
Valid 

N 
% Median Min Max p= 

Benzodiazepines*  92 86.8 2.13 5.69 43.6 182 79.1 1.64 71.2 15.5 0.036 

Opioids**  106 100 225 2.85 3.91 218 94.8 27.8 7.99 2.60 <0.001 

Amphetamine/ 
methamphetamine 

47 44.3 303 10.4 3.20 76 33.0 172 31.1 2.18 0.131 

THC 35 33.0 1.79 0.35 15.4 74 32.2 2.69 0.79 18.2 0.049 

Ethanol (‰) 14 13.2 1.0 0.10 2.2 24 10.4 1.0 0.04 2.2 0.586 

* Diazepam equivalents of alprazolam, nordiazepam, diazepam, fenazepam, flunitrazepam, clonazepam, 7-
aminoclonazepam, lorazepam, nitrazepam, oxazepam, zolpidem, and zopiclone. The autopsy cases excluded the 
concentrations of clonazepam, whereas the DUID cases were not analysed for 7-aminoclonazepam. 
** Morphine equivalents of morphine, M6G, methadone, oxycodone. 

 

Discussion 

Our study shows that in approximately 90% of the fatal intoxications, opioids were 

detected, but as a single intoxicant in only one case (0.5%). The median 

concentration of morphine equivalents was 5 times higher in the fatal intoxications 

cases than in the DUID cases (Table 3). Benzodiazepines were detected in 

approximately 90% of the opioid positive fatal cases, indicating that opioids rarely 

were the sole causative agents in these deaths. Benzodiazepines alone did not 



16 
 

cause fatalities in any cases. The median diazepam equivalent concentration was 

higher in the fatal intoxication cases than in DUID cases, even though the mean 

concentrations of diazepam and nordiazepam were highest among the DUID cases. 

The estimated equivalence concentrations for the benzodiazepines in the autopsy 

cases were thus based mainly on clonazepam intake prior to death. 

Drug combinations  

A combination of more than one drug was frequently found in both DUID and autopsy 

cases. The mean number of drugs per case was almost twice as high among the 

fatal intoxication cases, thus the number of ingested drugs seems to increase the 

death risk. A previously published study by Sun et al., and an accompanying editorial 

in the BMJ, support our findings, and emphasise the increased risk of death when 

opioids and benzodiazepines are used concomitantly (49, 50). Not surprisingly, the 

number of opioid intoxications was high in the present study, but the fact that 

benzodiazepines were concomitantly detected in as many as 90% of these cases, is 

an important finding. The most frequently found drugs in both autopsy and DUID 

cases were opioids, benzodiazepines, THC and amphetamine/methamphetamine in 

different combinations. 

Concentrations  

Interpretation of concentrations of clonazepam/7-aminoclonazepam is difficult in the 

autopsy cases, due to post mortem degradation of clonazepam and the formation of 

7-aminoclonazepam (36). The 7-aminoclonazepam concentrations found in the 

autopsy cases were more than twice as high as the clonazepam concentrations in 

DUID cases, indicating a more widespread exposure for clonazepam among the 

autopsy cases. 

Limitations 

There are several limitations when using routine cases for research purposes in order 

to throw light on drug intoxication deaths. However, these available data are 

important in order to achieve more knowledge about the lethal drug use patterns in 

order to prevent drug overdoses. 

The estimated equivalence concentrations of opioids did not include all of the 

analysed opioids, which might underestimate the total load of opioids. However, the 

most frequently detected opioids (morphine and methadone) were included in the 
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calculations. The other opioids were detected in less than 15% of the cases and 

always in low concentrations. 

The equivalence concentrations of benzodiazepines were limited by the fact that the 

nitro benzodiazepines are unstable post mortem (51). Despite that, the equivalence 

concentrations were significantly higher among the fatal intoxication cases. 

Furthermore, post mortem redistribution and formation/degradation make post 

mortem findings more challenging to interpret than the DUID findings. The 

concentrations might not be representative for the the ante mortem concentrations 

(52). The time from drug administration until death will affect the degree of 

metabolism and excretion prior to death (36, 51, 53). The time period between death 

and autopsy may vary greatly, and within this period, changes in drug concentrations 

in the blood samples are likely to take place. Changes in drug concentrations can 

also be seen in vitro after sample collection (34). 

Our study included blood concentrations, but information regarding drug intake is 

missing. The data can therefore not be used to assess the dosage that lead to 

intoxication. 

Conclusions 

Our study has confirmed that fatal intoxications by single substances are rare in 

Norway (1.5%) and mono-intoxication with heroin was not seen in any of the fatal 

intoxications that underwent forensic autopsy in 2012. Fatal intoxications were 

caused by a combination of drugs, with significantly more substances as well as 

higher total drug concentrations among the autopsy cases. Heroin/morphine are the 

most frequently detected drugs in fatal intoxications, often combined with 

benzodiazepines. The combination of opioids and benzodiazepines seemed to 

represent a particular increased risk of death. 

It is important to consider the concentrations of all different psychoactive substances 

when these cases are categorised for determining the cause of death, since it is very 

rare that one intoxicant alone causes death. Furthermore, interpretation of the 

concentrations must be done with caution in poly-intoxications since reference 

concentrations often are based on mono-intoxications. 
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These results imply that international statistics regarding an opioid being the main 

intoxicant should have a shift in focus towards combinations of drugs (especially 

opioids and benzodiazepines) as a major risk factor for fatal drug overdoses. 

Conflict of interest 

None 

Funding sources 

This research did not receive any specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors.  



19 
 

References 

1. Amundsen EJ. Narkotikautløste dødsfall [Drug-induced deaths]. Oslo, Norway: 
Norwegian Institute for Alcohol and Drug Research; 2015. Available at: 
https://www.fhi.no/globalassets/dokumenterfiler/rapporter/sirusrap.2.15.pdf. 
Accessed August 25, 2017. 
2. EMCDDA. European Drug Report 2016: Trends and Developments. Lisabon, 
Portugal: EMCDDA; 2016. Available at: 
http://www.emcdda.europa.eu/system/files/publications/2637/TDAT16001ENE.epub_
en Accessed August 25, 2017. 
3. Vos T, Barber RM, Bell B, Bertozzi-Villa A, Biryukov S, Bolliger I, et al. Global, 
regional, and national incidence, prevalence, and years lived with disability for 301 
acute and chronic diseases and injuries in 188 countries, 1990-2013: a systematic 
analysis for the Global Burden of Disease Study 2013. The Lancet. 
2015;386(9995):743-800. 
4. Waal H, Gossop M. Making sense of differing overdose mortality: contributions 
to improved understanding of European patterns. European Addiction Research. 
2014;20(1):8-15. 
5. Knudsen A, Tollånes M, Haaland Ø, Kinge J, Skirbekk V, Vollset S. Disease 
Burden in Norway 2015. Results from the Global Burden of Diseases, Injuries, and 
Risk Factors Study 2015 (GBD 2015). Oslo, Norway: Public Health Institute Norway; 
2017. Available at  https://www.fhi.no/publ/2017/sykdomsbyrde-i-norge-2015/. 
Accessed August 25, 2017. 
6. Forouzanfar MH, Afshin A, Alexander LT, Anderson HR, Bhutta ZA, Biryukov 
S, et al. Global, regional, and national comparative risk assessment of 79 
behavioural, environmental and occupational, and metabolic risks or clusters of risks, 
1990–2015: a systematic analysis for the Global Burden of Disease Study 2015. The 
Lancet. 2016;388(10053):1659-724. 
7. World Health Organization (WHO). Classification of Diseases. Available at: 
http://www.who.int/classifications/icd/en/. Accessed August 25, 2017. 
8. Delaveris GJ, Teige B, Rogde S. Non-natural manners of death among users 
of illicit drugs: Substance findings. Forensic Science International. 2014;238:16-21. 
9. Jones AW, Kugelberg FC, Holmgren A, Ahlner J. Drug poisoning deaths in 
Sweden show a predominance of ethanol in mono-intoxications, adverse drug-
alcohol interactions and poly-drug use. Forensic Science International. 2011;206(1-
3):43-51. 
10. Gjersing L, Biong S, Ravndal E, Waal H, Bramness J, Clausen T. Dødelige 
overdoser i Oslo 2006 til 2008. En helhetlig gjennomgang (Fatal overdoses in Oslo, 
Norway between 2006 and 2008]. Oslo, Norway: Norwegian Centre for Addiction 
Research; 2011. Available at: 
http://www.med.uio.no/klinmed/forskning/sentre/seraf/publikasjoner/rapporter/2011/n
edlastinger/seraf-rapport-2-2011-dodelige-overdoser-i-oslo-2006-til-2008.pdf. 
Accesssed August 25, 2017. 
11. Gjersing L, Jonassen KV, Biong S, Ravndal E, Waal H, Bramness JG, et al. 
Diversity in causes and characteristics of drug-induced deaths in an urban setting. 
Scandinavian Journal of Public Health. 2013;41(2):119-25. 
12. Druid H, Holmgren P. A compilation of fatal and control concentrations of 
drugs in postmortem femoral blood. Journal of Forensic Sciences. 1997;42(1):79-87. 
13. Simonsen KW, Edvardsen HM, Thelander G, Ojanpera I, Thordardottir S, 
Andersen LV, et al. Fatal poisoning in drug addicts in the Nordic countries in 2012. 
Forensic Science International. 2015;248:172-80. 

https://www.fhi.no/globalassets/dokumenterfiler/rapporter/sirusrap.2.15.pdf
http://www.emcdda.europa.eu/system/files/publications/2637/TDAT16001ENE.epub_en%20Accessed%20August%2025
http://www.emcdda.europa.eu/system/files/publications/2637/TDAT16001ENE.epub_en%20Accessed%20August%2025
https://www.fhi.no/publ/2017/sykdomsbyrde-i-norge-2015/.%20Accessed%20August%2025
https://www.fhi.no/publ/2017/sykdomsbyrde-i-norge-2015/.%20Accessed%20August%2025
http://www.who.int/classifications/icd/en/
http://www.med.uio.no/klinmed/forskning/sentre/seraf/publikasjoner/rapporter/2011/nedlastinger/seraf-rapport-2-2011-dodelige-overdoser-i-oslo-2006-til-2008.pdf
http://www.med.uio.no/klinmed/forskning/sentre/seraf/publikasjoner/rapporter/2011/nedlastinger/seraf-rapport-2-2011-dodelige-overdoser-i-oslo-2006-til-2008.pdf


20 
 

14. Forskrift om ordningen av påtalemyndigheten (Påtaleinstruksen) [Prosecution 
Instiructions; In Norwegian]. Available at: 
https://lovdata.no/dokument/SF/forskrift/1985-06-28-1679. Accessed August 25, 
2017. 
15. Frost J, Slørdal L, Vege Å, Nordrum IS. Forensic autopsies in a naturalistic 
setting in Norway: autopsy rates and toxicological findings. Forensic Science 
International. 2012;223(1-3):353-8. 
16. Simonsen KW, Normann PT, Ceder G, Vuori E, Thordardottir S, Thelander G, 
et al. Fatal poisoning in drug addicts in the Nordic countries in 2007. Forensic 
Science International. 2011;207(1-3):170-6. 
17. Folkehelseinstituttet. Rusmiddelstatistikk - Funn i blodprøver hos bilførere 
mistenkt for påvirket kjøring 2015 [Drug statistics - Findings in blood samples from 
drivers suspected for drugged driving in 2015]. Oslo, Norway: Public Health Institute 
Norway; 2016. Available at: https://oslo-universitetssykehus.no/seksjon/avdeling-for-
rettsmedisinske-fag/Documents/rusmiddelstatistikk-pdf.pdf. Accessed August 25, 
2017.  
18. Vindenes V, Boix F, Koksæter P, Strand MC, Bachs L, Mørland J, et al. 
Drugged driving arrests in Norway before and after the implementation of per se law. 
Forensic Science International. 2014;245:171-7. 
19. Christophersen AS, Gjerde H. Prevalence of alcohol and drugs among car and 
van drivers killed in road accidents in Norway: an overview from 2001 to 2010. Traffic 
Injury Prevention. 2014;15(6):523-31. 
20. Kristoffersen L, Skuterud B, Larssen BR, Skurtveit S, Smith-Kielland A. Fast 
quantification of ethanol in whole blood specimens by the enzymatic alcohol 
dehydrogenase method. Optimization by experimental design. Journal of Analytical 
Toxicology. 2005;29(1):66-70. 
21. Kristoffersen L, Stormyhr LE, Smith-Kielland A. Headspace gas 
chromatographic determination of ethanol: the use of factorial design to study effects 
of blood storage and headspace conditions on ethanol stability and acetaldehyde 
formation in whole blood and plasma. Forensic Science International. 2006;161(2-
3):151-7. 
22. Gjerde H, Christophersen AS, Skuterud B, Klemetsen K, Morland J. Screening 
for drugs in forensic blood samples using EMIT urine assays. Forensic Science 
International. 1990;44(2-3):179-85. 
23. Christophersen AS, Gulliksen M, Hasvold I, Johansen U, Karinen R, Ripel Å, 
et al., editors. Screening, confirmation and quantification of drugs of abuse in whole 
blood by LC-MS (ESI). Presented at TIAFT Prague, Czech Republic; 2001. Available 
at: http://www.tiaft.org/past-meetings/tiaft2001/posters/p85.doc. Accessed August 25, 
2017.  
24. Christophersen AS. Tetrahydrocannabinol stability in whole blood: plastic 
versus glass containers. Journal of Analytical Toxicology. 1986;10(4):129-31. 
25. Gjerde H, Fongen U, Gundersen H, Christophersen AS. Evaluation of a 
method for simultaneous quantification of codeine, ethylmorphine and morphine in 
blood. Forensic Science International. 1991;51(1):105-10. 
26. Gjerde H, Hasvold I, Pettersen G, Christophersen AS. Determination of 
amphetamine and methamphetamine in blood by derivatization with 
perfluorooctanoyl chloride and gas chromatography/mass spectrometry. Journal of 
Analytical Toxicology. 1993;17(2):65-8. 

https://lovdata.no/dokument/SF/forskrift/1985-06-28-1679
https://oslo-universitetssykehus.no/seksjon/avdeling-for-rettsmedisinske-fag/Documents/rusmiddelstatistikk-pdf.pdf
https://oslo-universitetssykehus.no/seksjon/avdeling-for-rettsmedisinske-fag/Documents/rusmiddelstatistikk-pdf.pdf
http://www.tiaft.org/past-meetings/tiaft2001/posters/p85.doc


21 
 

27. Øiestad EL, Johansen U, Øiestad ÅM, Christophersen AS. Drug screening of 
whole blood by ultra-performance liquid chromatography-tandem mass spectrometry. 
Journal of Analytical Toxicology. 2011;35(5):280-93. 
28. Sauve EN, Langødegård M, Ekeberg D, Øiestad ÅM. Determination of 
benzodiazepines in ante-mortem and post-mortem whole blood by solid-supported 
liquid-liquid extraction and UPLC-MS/MS. Journal of Chromatography B. 2012;883-
884:177-88. 
29. Karinen R, Andersen JM, Ripel A, Hasvold I, Hopen AB, Mørland J, et al. 
Determination of heroin and its main metabolites in small sample volumes of whole 
blood and brain tissue by reversed-phase liquid chromatography-tandem mass 
spectrometry. Journal of Analytical Toxicology. 2009;33(7):345-50. 
30. Berg T, Lundanes E, Christophersen AS, Strand DH. Determination of opiates 
and cocaine in urine by high pH mobile phase reversed phase UPLC-MS/MS. Journal 
of Chromatography B. 2009;877(4):421-32. 
31. Dahl SR, Olsen KM, Strand DH. Determination of gamma-hydroxybutyrate 
(GHB), beta-hydroxybutyrate (BHB), pregabalin, 1,4-butane-diol (1,4BD) and 
gamma-butyrolactone (GBL) in whole blood and urine samples by UPLC-MSMS. 
Journal of Chromatography B. 2012;885-886:37-42. 
32. Berg T, Jørgenrud B, Strand DH. Determination of buprenorphine, fentanyl 
and LSD in whole blood by UPLC-MS-MS. Journal of Analytical Toxicology. 
2013;37(3):159-65. 
33. Eliassen E, Kristoffersen L. Quantitative determination of zopiclone and 
zolpidem in whole blood by liquid-liquid extraction and UHPLC-MS/MS. Journal of 
Chromatography B. 2014;971:72-80. 
34. Berg-Pedersen RM, Ripel Å, Karinen R, Vevelstad M, Bachs L, Vindenes V. 
Codeine to morphine concentration ratios in samples from living subjects and 
autopsy cases after incubation. Journal of Analytical Toxicology. 2014;38(2):99-105. 
35. Drummer O, Odell M. Stimulants.  The Forensic Pharmacology of Drugs of 
Abuse. London, England: Arnold; 2001. 
36. Robertson MD, Drummer OH. Postmortem drug metabolism by bacteria. 
Journal of Forensic Sciences. 1995;40(3):382-6. 
37. Altamura AC, Moliterno D, Paletta S, Maffini M, Mauri MC, Bareggi S. 
Understanding the pharmacokinetics of anxiolytic drugs. Expert Opinion on Drug 
Metabolism & Toxicology. 2013;9(4):423-40. 
38. Ashton C. Benzodiazepine Equivalence Table 2007. Available at: 
http://www.benzo.org.uk/bzequiv.htm. Accessed August 25, 2017. 
39. Shader RI, Greenblatt DJ. Can you provide a table of equivalences for 
benzodiazepines and other marketed benzodiazepine receptor agonists? Journal of 
Clinical Psychopharmacology. 1997;17(4):331. 
40. Vindenes V, Aamo T, Innerdal C, Mathisrud G, Mørland J, Riedel B, et al. 
Revidering av "forskrift om faste grenser for påvirkning av andre berusende eller 
bedøvende middel enn alkohol m.m.". Vurdering av eksisterende faste grenser og 
forslag til faste grenser for flere stoffer. Rapport fra referansegruppe januar 2015 
[Revision of “Regulations governing fixed limits for the effects of other intoxicants or 
anesthetics other than alcohol, etc.". Assessment of existing fixed limits and 
proposals for fixed limits for multiple substances. Report from the reference group 
January 2015]. Oslo: Ministry of Transport and Communications; 2015. 
41. Svendsen K, Borchgrevink P, Fredheim O, Hamunen K, Mellbye A, Dale O. 
Choosing the unit of measurement counts: the use of oral morphine equivalents in 

http://www.benzo.org.uk/bzequiv.htm


22 
 

studies of opioid consumption is a useful addition to defined daily doses. Palliative 
Medicine. 2011 ;25(7):725-32. 
42. Zacny J, James P. A review of the effects of opioids on psychomotor and 
cognitive functioning in humans. Experimental and Clinical Psychopharmacology. 
1995;3(4):432-66. 
43. Goodman LS, Gilman A, Gilman AG, Hardman JG, Limbird LE, Molinoff PB, et 
al. Goodman & Gilman's the pharmacological basis of therapeutics. 9th ed. editors-
in-chiefs: Joel G. Hardman, Lee E. Limbird ; editors: Perry B. Molinoff, Raymond W. 
Ruddon ; consulting editor: Alfred Goodman Gilman ; illustrations by Edna Kunkel. 
ed. New York, US: McGraw-Hill; 1996. 
44. The Norwegian Directorate of Health. National Guideline for the use of opioids 
in case of prolonged non-cancer related pain. Conversion. Available at: 
https://helsedirektoratet.no/retningslinjer/opioider/seksjon?Tittel=konverteringstabell-
7017. Accessed August 25, 2017. 
45.  Klimas R, Mikus G. Morphine-6-glucuronide is responsible for the analgesic 
effect after morphine administration: a quantitative review of morphine, morphine-6-
glucuronide, and morphine-3-glucuronide. British Journal of Anaesthesia. 
2014;113(6):935-44. 
46. Logan BK. Methamphetamine and driving impairment. Journal of Forensic 
Sciences. 1996;41(3):457-64. 
47. Degenhardt L, Roxburgh A, Barker B. Underlying causes of cocaine, 
amphetamine and opioid related deaths in Australia. Journal of Clinical Forensic 
Medicine. 2005;12(4):187-95. 
48. Kaye S, Darke S, Duflou J, McKetin R. Methamphetamine-related fatalities in 
Australia: demographics, circumstances, toxicology and major organ pathology. 
Addiction. 2008;103(8):1353-60. 
49. Sun EC, Dixit A, Humphreys K, Darnall BD, Baker LC, Mackey S. Association 
between concurrent use of prescription opioids and benzodiazepines and overdose: 
retrospective analysis. BMJ (Clinical research ed). 2017;356:j760. 
50. Karaca-Mandic P, Meara E, Morden NE. The growing problem of co-treatment 
with opioids and benzodiazepines. BMJ (Clinical research ed). 2017;356:j1224. 
51. Skopp G. Postmortem toxicology. Forensic Science, Medicine, and Pathology. 
2010;6(4):314-25. 
52. Drummer OH. Post-mortem toxicology. Forensic Science International. 
2007;165(2-3):199-203. 
53. Jones AW, Holmgren A. Concentration distributions of the drugs most 
frequently identified in post-mortem femoral blood representing all causes of death. 
Medicine, Science, and the Law. 2009;49(4):257-73. 

  

https://helsedirektoratet.no/retningslinjer/opioider/seksjon?Tittel=konverteringstabell-7017
https://helsedirektoratet.no/retningslinjer/opioider/seksjon?Tittel=konverteringstabell-7017


23 
 

Table 3: Median, minimum and maximum concentrations (ng/mL); autopsy and DUID cases 

 Autopsy cases (n=194) DUID (n=4,811) 
Wilcoxon 
Test 

Valid 
N 

% Median Min Max 
Valid 

N 
% Median Min Max P= 

Benzodiazepines* 173 89.2 1765 5.69 45922 2,887 60.0 1025 28.5 28185 <0.001 

Opioids** 159 82.0 211 2.85 3910 403 8.4 40.0 6.56 2597 <0.001 

Amphetamine/ 
methamphetamine 

85 43.8 386 9.46 5112 1,997 41.5 333 29.8 5678 0.386 

THC 77 39.7 2.20 0.31 157 1,823 37.9 2.83 0.63 72.3 0.005 

Ethanol (‰) 28 14.4 0.85 0.10 4.1 1,698 35.3 1.4 0.04 4.3 0.040 

* Diazepam equivalents of alprazolam, nordiazepam, diazepam, fenazepam, flunitrazepam, clonazepam, 7-
aminoclonazepam, lorazepam, nitrazepam, oxazepam, zolpidem, and zopiclone. The autopsy cases excluded 
clonazepam, whereas the DUID cases were not analysed for 7-aminoclonazepam 
** Morphine equivalents of morphine, M6G, methadone, oxycodone 
 
 

Table 4: Median, minimum and maximum concentrations (ng/mL) in heroin/morphine-positive 
cases; autopsy and DUID cases.  

 
Autopsy cases (n=194) DUID (n=4,811) 

Wilcoxon 
Test 

Heroin/morphine 
cases 106 230 

 Valid 
N 

% Median Min Max 
Valid 

N 
% Median Min Max p= 

Benzodiazepines*  92 86.8 2078 5.69 40997 182 79.1 1651 71.2 15459 0.036 

Opioids**  106 100 225 2.85 3910 230 100 28.0 7.99 2597 <0.001 

Amphetamine/ 
methamphetamine 

47 44.3 304 9.46 3200 76 33.0 164 31.1 2183 0.131 

THC 35 33.0 1.89 0.31 15.7 74 32.2 2.83 0.63 18.9 0.049 

Ethanol (‰) 14 13.2 1.0 0.10 2.2 24 10.4 1.0 0.04 2.2 0.586 

* Diazepam equivalents of alprazolam, nordiazepam, diazepam, fenazepam, flunitrazepam, clonazepam, 7-
aminoclonazepam, lorazepam, nitrazepam, oxazepam, zolpidem, and zopiclone. The autopsy cases excluded the 
concentrations of clonazepam, whereas the DUID cases were not analysed for 7-aminoclonazepam. 
** Morphine equivalents of morphine, M6G, methadone, oxycodone. 

 


