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Methadone is a synthetic opioid indicated for acute or chronic pain treatment and for opioid withdrawal treatment¹. It is metabolized to 2-ethylide-
ne-1,5-dimethyl-3,3-diphenylpyrrolidine (EDDP) mainly by CYP3A42,3. Since methadone is a potent drug with a low therapeutic index, this study aims 
at determining the post-mortem blood concentrations of methadone and EDDP in methadone-related fatalities caused by either methadone intoxication 
or by other causes with concomitant presence of methadone.

Methadone and EDDP concentrations were measured by GC-NPD, HPLC-DAD, GC-MS or LC-MS/MS in the post-mortem blood of cases under 
methadone collected from 2000 to 2017 in University Center of Legal Medicine, Lausanne. For each case, a full autopsy was conducted to establish 
the cause of death. All statistical analyses were performed using R Statistical Software. To assess the difference in methadone and EDDP 
concentrations between men and women and to compare methadone concentrations between individuals who died of methadone intoxication and 
those who died of another cause while under methadone, we used two separate Welch Two Sample t-tests. To test the predicted probability of death 
from methadone intoxication in relation to methadone concentration, age at death and gender, we used a multivariate logistic regression analysis.

We found higher methadone blood concentrations in individuals who died of methadone intoxication compared to individuals who died of another cause while on methadone but its concentration can not be considered 
as a reliable predictor of death from methadone intoxication. However, young age was found to be a strong predictor for methadone-related fatalities. This observation emphasizes the importance of targeted prevention 
and educational interventions particularly for the youthful demographic within the population of substance users. The next steps of our research will be to characterize the differences in fatalities between 
methadone-naive and non-methadone-naive individuals. In addition, we will look at the effect of polyintoxications in fatalities due to methadone intoxication.

Methods

The dataset consists of 231 individuals (72 women (F) 
and 159 men (M)), with the mean age of death being 
36.8 years. The mean methadone blood concentration ± 
the standard deviation is 677 ± 781 ng/mL, with 708 ± 
752 ng/mL for women and 662 ± 796 ng/mL for men (P = 
0.672). The mean EDDP concentration is 191 ± 571 
ng/mL, with 106 ± 118 ng/mL for women and 232 ± 689 
ng/mL for men (P = 0.124). 

81.6 % of fatalities are due to methadone intoxication (A), 
including a majority of polyintoxications, and 18.4 % of 
fatalities are due to other causes (self-aggression, 
hetero-aggression, trauma, pathologies) with concomitant 
methadone use (B). Between these two groups, 
methadone concentrations are significantly higher in 
individuals who died of intoxication (705 ± 820 ng/mL) 
compared to those who died of another cause while on 
methadone (497 ± 441 ng/mL) (Welch Two Sample t-test, 
P < 0.05). We did not find any significant difference in 
EDDP levels for these same two groups. 

A multivariate logistic regression analysis 
including methadone concentration, age at 
death and gender did not yield statistical 
significance for methadone concentration 
as a predictor of death from methadone 
intoxication versus death from another 
cause while on methadone (P = 0.072). 
However, the p-value suggests a notewor-
thy trend towards a positive correlation 
between methadone concentration and 
death from methadone intoxication. 

Regarding the other variables, 
gender did not emerge as a 
significant predictor of death 
resulting from methadone 
intoxication (P = 0.571) but young 
age demonstrated a robust 
predictive value for the occurrence of 
fatalities due to methadone 
intoxication (P < 0.05).
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Figure 1 - Metabolism of methadone to EDDP by CYP3A4

Figure 2 - Methadone and EDDP concentrations in 231 
post-mortem cases

Figure 3 - Methadone concentrations in methadone and 
non-methadone-related fatalities

Figure 4 - Predicted probability of death 
from methadone intoxication in relation to 
methadone concentration

Figure 5 - Predicted probability of 
death from methadone intoxication in 
relation to age at death

1. Eap CB, Buclin T, Baumann P. Interindividual Variability of the Clinical Pharmacokinetics of Methadone: Implications for the Treatment of Opioid Dependence. Clin Pharmacokinet. 2002;41(14):1153-1193. 
2. Volpe DA, Xu Y, Sahajwalla CG, Younis IR, Patel V. Methadone Metabolism and Drug-Drug Interactions: In Vitro and In Vivo Literature Review. J Pharm Sci. 2018;107(12):2983-2991.
3. Scott CC, Robbins EB, Chen KK. Pharmacologic Comparison of the Optical Isomers of Methadone. J Pharmacol Exp Ther. 1948;93(3):282. Contact: Georgi.Pecev@unil.ch

Age at death


