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ABSTRACT: The authors reviewed cases investigated by the Palm Beach Medical Examiner’s Office in which postmortem toxicologic studies
indicated the presence of methadone over the period from 1998 to 2002, to examine the role of the drug in these deaths. There were 139 methadone-
positive cases, including 75 in which the death was attributed to combined drug toxicity and 23 to methadone toxicity alone. Methadone was most
frequently used in conjunction with other prescription or illicit drugs, most commonly benzodiazepines and/or cocaine. There was considerable overlap
in the postmortem blood methadone concentrations among the groups. Concentrations ranged from 0.114 mg/L–1.939 mg/L (mean .0559 mg/L)
in cases where death was attributed to methadone toxicity; 0.050 mg/L–1.903 mg/L (mean 0.411 mg/L) in cases of combined drug toxicity;
0.069 mg/L–0.644 mg/L (mean 0.224 mg/L) in deaths attributed to other drugs; 0.062 mg/L–1.090 mg/L (mean 0.344 mg/L) among deaths attributed
to natural causes and 0.072 mg/L–2.7 mg/L (mean 0.605 mg/L) among deaths due to trauma. The concentrations of methadone detected indicate that
it may not be possible to establish a lethal methadone range because some deaths occurred at methadone concentrations below previously reported
lethal ranges, and because of the presence of other drugs. Determining the cause of death in methadone-positive cases necessitates correlation with
autopsy results and investigative findings.
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Methadone is a long acting orally active opioid agonist used
therapeutically to treat opiate addiction and in the management of
chronic pain. The initial use of methadone as a maintenance drug
in the treatment of heroin addiction was followed by reports of
death attributed to methadone itself, both in the induction phase of
methadone treatment and due to the diversion of methadone to the
non-treatment population (1–4). Methadone has more recently been
used for the management of chronic pain, and has been prescribed
with increasing frequency following reports of deaths associated
with other analgesics, particularly oxycodone (5). Methadone has
since become widely available for those for whom it is prescribed
as well as for others, and an increase in fatal methadone overdoses
has been reported (6–9).

Several investigators have commented on the difficulties inher-
ent in the interpretation of postmortem methadone concentrations
(2,10). Fatal concentrations may vary widely depending on an in-
dividual’s level of tolerance (2,11). There has been an overlap of
reported drug concentrations in cases in which the cause of death
was attributed to methadone toxicity and those in which methadone
was considered to be an incidental finding. Similar overlap in drug
concentrations has been reported in cases of deaths attributed to
methadone toxicity and concentrations found in individuals on
methadone maintenance programs (12,13). Other drugs are often
present in cases in which methadone is thought to play a role in the
cause of death (9,10,12,14). Karch and Stephens (12) found a high
incidence of the presence of cocaine in cases in which methadone

1 Office of the Medical Examiner, Palm Beach County, West Palm Beach,
FL.

2 Department of Pathology and Laboratory Medicine, Albany Medical Center
Hospital, Albany, NY.

3 Wuesthoff Reference Laboratories, Melbourne, FL.
∗ Presented in part at the February 2003 Annual Meeting of the American

Academy of Forensic Sciences, Chicago, IL.
Received 28 June 2003; and in revised form 5 Sept. and 4 Oct. 2003; accepted

4 Oct. 2003; published 4 Feb. 2004.

was detected, and Mikolaenko and colleagues (10) have recently
reported an increase of deaths resulting from co-intoxication with
methadone and a benzodiazepine.

Recent media accounts of an increase in the number of deaths
attributed to methadone toxicity in Palm Beach County have raised
public concern over the illicit use of the drug. We undertook the
current study to further elucidate the role of methadone as a cause
of death, reviewing cases investigated by the Palm Beach County,
Florida, Medical Examiner’s Office over the five-year period from
1998 to 2002.

Materials and Methods

Case Reviews

The files of the Palm Beach County, Florida, Medical Examiner’s
Office from January, 1998 to December, 2002 were searched for
cases in which methadone was detected in postmortem toxicologic
specimens. The cases had all been investigated initially by a forensic
investigator from the Medical Examiner’s Office, and a complete
autopsy was performed by the office. Toxicologic studies were
performed by the Wuesthoff Reference Laboratory, or in four cases,
by the Dade County Medical Examiner Toxicology Division.

The investigative reports as well as the reports of the postmortem
examinations and postmortem toxicologic studies were reviewed.
Demographic data collected included the decedents’ age, race, and
sex. The autopsy reports were reviewed for cause and manner of
death and for the presence of trauma or pre-existing natural dis-
ease. Information pertaining to the circumstances of death and the
decedents’ known prescription records were obtained from the in-
vestigators’ reports.

Analytical Methods

As part of routine toxicology analysis, comprehensive urine
drug screens were performed by immunoassay, thin-layer
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chromatography and high performance liquid chromatography.
Comprehensive blood drug screens were analyzed qualitatively by
microtiter plate enzyme immunoassay (MPEIA), fluorescent po-
larization immunoassay and full scan gas chromatography-mass
spectrometry (GC-MS). If methadone was identified by the drug
screen, quantitation of the analyte was performed by GC-MS.

Specimens were collected in tubes containing sodium fluoride.
Peripheral whole blood specimens were used for quantitation in
the majority of cases. Standards and deuterated internal standards
were obtained from Cerilliant (formerly Radian Analytical Pro-
ducts, Austin, Texas). Two mL of whole blood was mixed with
50 µL of methadone-d3 internal standard and 4 mL of distilled
water, vortexed for 30 s and allowed to sit for 10 min. Samples were
centrifuged for 10 min at 2500 rpm after which supernatant was re-
moved. Three mL of a 100 mM phosphate buffer was added and the
pH was adjusted to 6 with phosphate buffer or 100 mM HCl. Sam-
ples were extracted by solid phase extraction (Clean Screen-United
Technologies, Inc.) and an extraction procedure, as written by UCT,
was conducted (15). One µL of sample was injected for analysis.
GC-MS was performed with an Agilent Technologies (Palo Alto,
CA) 5973 MSD, coupled to an HP-1 (15 m × 0.25-mm i.d., 0.25-µm
film thickness) capillary column with a helium flow rate of approxi-
mately 0.9 mL/min. Chemstation software was utilized and the 6890
GC was operated in the splitless mode. The injection port tempera-
ture was 180◦C, and the transfer line temperature was 290◦C. The
oven temperature was initially held at 120◦C for 1 min and then
increased by 20◦C/min to a final temperature of 280◦C and held for
2 min. The 5973 MSD was operated in the selected ion monitoring
mode (SIM). The following ions were monitored: methadone target
ion 294, qualifier ion 223, methadone-d3 target ion 297, qualifier
ion 226. Methadone was identified by retention time and relative
abundance of the two ions monitored as compared with values ob-
tained from standards analyzed on the same run. Ion ratios were
derived by dividing the area of the qualifier ion by the area of the
target/quant ion. Standards were extracted and calibration curves
were derived on all runs. Methadone was quantitated by compar-
ing the ration of integrated ion peak area with that of deuterated
methadone. Limit of detection, limit of quantitation, and limit of
linearity were 50, 50, and 4000 ng/mL. Precision of assay as mea-
sured by percent CV was 3.1% at 180 ng/mL, 5% at 300 ng/mL,
and 2.9% at 889 ng/mL.

Results

One hundred and thirty nine cases were identified in which
methadone was detected in postmortem toxicologic studies: 2 cases
were found in 1998, 3 in 1999, 10 in 2000, 37 in 2001, and 87 in
2002. Fourteen of these cases were omitted from analysis because
no quantification of the methadone was performed, including 8 in
which methadone was only detected in the urine, leaving 125 cases
for analysis.

The cases included 98 males and 27 females. Ages ranged from
16 to 72 years (mean 38.6 years). All decedents were white except
for one black male. Twenty-eight individuals were known to have
been prescribed methadone for chronic pain.

The methadone-positive cases included 23 in which the cause
of death was attributed to methadone toxicity, and 75 in which
methadone was identified as contributing to combined drug toxicity.
Methadone was considered to be an incidental finding in 7 cases
in which death was attributed to another drug. The remaining cases
included 11 deaths attributed to natural causes and 9 deaths due
to trauma. The manner of death was classified as accidental in 105
cases, homicide in 1 (gunshot wound), suicide in 7 (2 combined drug

TABLE 1—Postmortem methadone concentrations.

Blood Concentration (mg/L)

Cause of Death Range Mean

Methadone toxicity 0.114–1.939 0.559
Combined drug toxicity 0.050–1.903 0.411
Other drugs 0.069–0.644 0.224
Natural causes 0.062–1.090 0.344
Trauma 0.072–2.7 0.605

toxicity, 1 heroin toxicity, 2 blunt force injuries, 1 sharp force injury,
1 gunshot wound), natural in 11 and undetermined in 2 (1 combined
drug toxicity, 1 gunshot wound). In all of the non-accidental cases
the decedents were found dead. There were no instances in which
resuscitation or hospitalization resulted in an interval of time that
would have affected the postmortem methadone concentration.

The postmortem blood methadone concentrations in the deaths
attributed to methadone toxicity alone ranged from 0.114 mg/L to
1.939 mg/L (mean 0.559 mg/L) (Table 1). In four of the cases,
methadone was the only drug identified. The methadone concen-
trations in these cases were 0.114 mg/L, .0218 mg/L, 0.316 mg/L
and 1.939 mg/L. Cannabinoids were identified in the blood in five
cases. Benzoylecgonine and a therapeutic concentration of alprazo-
lam were present in a case in which the methadone concentration
was 0.440 mg/L. In one of these MDA and a therapeutic concen-
tration of a benzodiazepine were also present. Ethanol was present
in three cases, with blood ethanol concentrations of 0.024 g/dL,
0.029 g/dL and 0.120 g/dL. 6-monoacetylmorphine was detected
in the urine in one of these cases. One individual with a blood
methadone concentration of 0.75 mg/L also had a sertaline concen-
tration of 0.79 mg/L, in addition to subtherapeutic concentrations of
doxepin and oxycodone. In the remaining cases classified as death
due to methadone toxicity, therapeutic concentrations of other pre-
scription drugs were also present.

The 7 deaths attributed to other drugs included 2 attributed to
heroin, 2 cocaine, 1 morphine, 1 hydrocodone and 1 alprazolam.
The blood methadone concentrations in these cases ranged from
0.069 mg/L to 0.644 mg/L (mean 0.224 mg/L).

The 21 cases in which death was attributed to non-drug related
causes included 11 attributed to natural causes and 9 to trauma.
The causes of death in the 12 cases attributed to natural causes in-
cluded atherosclerotic cardiovascular disease (5), hypertensive car-
diovascular disease (2), cardiac hypertrophy (1), intracerebral hem-
orrhage (1), pneumonia (1) and mesothelioma (1). The postmortem
blood methadone concentrations among these cases ranged from
0.062 mg/L to 1.090 mg/L (mean 0.344 mg/L). Methadone concen-
trations in cases where deaths were clearly due to trauma ranged
from 0.072 mg/L to 2.7 mg/L (mean 0.605 mg/L).

Methadone concentrations in the 75 cases in which death was
attributed to combined drug toxicity ranged from 0.050 mg/L to
1.903 mg/L (mean 0.411 mg/L). Benzodiazepine and cocaine were
the most common co-intoxicants in these cases. Benzodiazepine
alone was detected in 22 cases, cocaine and/or its metabolites alone
in 19 cases, and both a benzodiazepine and cocaine in 24 cases.
Methadone concentrations ranged from 0.067 mg/L to 1.165 mg/L
(mean 0.427 mg/L) in the cases where only a benzodiazepine was
identified and from 0.070 mg/L to 1.189 mg/L (mean 0.349 mg/L) in
the cases where only cocaine and/or its metabolites were identified.
Methadone concentrations in the cases where both cocaine and a
benzodiazepine were present ranged from 0.134 mg/L to 1.243 mg/
L (mean 0.416 mg/L). Morphine was listed as a contributing drug in
8 cases, with 6-monoacetylmorphine identified in the urine in 4 of
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these. Hydrocodone and oxycodone were each identified in 9 cases.
Ethanol was detected in 6 of the cases of combined drug toxicity
with the blood alcohol concentrations ranging from 0.048 g/dL to
0.183 g/dL (mean 0.135 g/dL).

Discussion

The introduction of methadone as a maintenance drug in ad-
diction treatment was followed by recognition of risks associated
with the drug, including deaths occurring in the induction phase and
deaths among the non-treatment population (1,2,9). The advantages
of methadone in the management of chronic pain include its long
half-life resulting in prolonged blood concentrations, and high oral
bioavailability (10). Deaths from methadone are due to central ner-
vous system and respiratory depression, with nonspecific findings
at autopsy (14).

Previous investigators have observed an increase in the number of
deaths related to methadone toxicity in recent years (2,4,6–8,16).
Several studies have commented on the predominance of white
males among methadone-related deaths (14,17), in contrast to other
studies, which have indicated a predominance of African American
decedents (18–20).

We have reviewed deaths in which methadone was detected in
postmortem toxicologic studies in Palm Beach County over the
5 year period from 1998 to 2002. In contrast to the recent study
of Gagajewski and Apple (16) in which 34.7% of the methadone-
positive deaths studied were among individuals on methadone main-
tenance programs, none of the decedents in the study were known
to be on maintenance programs. Our findings indicated a dramatic
increase in methadone-related deaths over the time period studied,
from 2 deaths in 1998 to 87 in 2002. It is likely that the increase in
methadone-related deaths seen in our county may be due to an in-
creased availability of the drug in the population due to physicians
prescribing the drug more frequently in light of the recognition
of the hazards of other analgesics, such as oxycodone, the abuse
of which has also received considerable media attention. We also
found a predominance of white decedents. The majority of dece-
dents were in the 35 to 50 year age range with a mean age at death
of 38.6 years, in contrast to the study of Perret et al. (9) in which
the decedents were predominantly younger males, probably due to
the older population of south Florida.

Many previous studies have emphasized the frequency of the
presence of other drugs in methadone-related deaths (9,11,16,21).
Barrett and colleagues (14) reviewed 91 deaths in which methadone
was detected in toxicologic studies. These investigators found that
85% of their cases had other drugs present with 34 deaths attributed
to polydrug toxicity. Their findings indicated that the use of multi-
ple drugs was the leading cause of death among their methadone-
positive cases. Perret and co-workers (9) found the presence of other
drugs in 35 of 36 of their methadone-positive lethal drug intoxica-
tions. Karch and Stevens (12), in a review of 38 cases of methadone-
positive deaths, reported the presence of cocaine or benzoylecgo-
nine in 42% of their cases. In a recent review of methadone-positive
deaths in Jefferson County, Alabama, Mikolaenko and co-workers
(10) found an increase in deaths resulting from co-intoxication
with methadone and benzodiazepines. In their series of 101 cases
in which methadone was detected in postmortem blood, benzo-
diazepines were the most frequently encountered co-intoxicants.
These investigators found higher concentrations of methadone in
cases where a benzodiazepine was present, as compared to cases
where death was related to methadone alone. They postulated that
higher concentrations of methadone may occur in acute intoxi-
cations with methadone and a benzodiazepine because benzodi-

azepines compete with methadone for methadone receptors, and
that higher concentrations of methadone could occur in chronic
abuse situations because benzodiazepines inhibit hepatic enzymes
that metabolize methadone.

Manning et al. (22) reported a lethal methadone concentration
ranging from 0.4 mg/L to 1.8 mg/L. In 22 of our cases, death was
attributed to methadone toxicity alone, with 3 cases having no other
drugs present and only one having a concentration of another drug
above the therapeutic range. In 12 of these cases the postmortem
methadone concentrations were below this range. These included
cases where only methadone was present. In all cases thorough
investigation of the circumstances of death indicated death due to
a drug overdose, and the autopsy findings revealed no other cause
of death. It is clear, therefore, that death can occur at methadone
concentrations below the previously reported lethal ranges.

Our results support those of previous investigators who have indi-
cated that other drugs are often present in cases where methadone is
believed to play a causal role. Our review of 125 cases of methadone-
positive deaths included 75 deaths attributed to combined drug tox-
icity. The most common scenario was the presence of both one
or more benzodiazepines or benzodiazepines and cocaine. This
combination was seen in 24 of the 75 cases (32%). One or more
benzodiazepines were seen in 22 cases (29%) and cocaine and/or
its metabolites in 19 cases (25%). However, in contrast to the
findings of Mikolaenko et al. (10), we did not find high concen-
trations of methadone in cases of co-intoxication with benzodi-
azepines, as compared to cases of methadone toxicity alone. The
mean methadone concentration among cases with co-intoxication
with benzodiazepines was 0.427 mg/L, and that with the pres-
ence of both cocaine and benzodiazepines 0.416 mg/L. The mean
methadone concentration among cases with deaths attributed to
methadone toxicity alone was 0.559 mg/L.

Many previous investigators have commented upon the difficulty
in establishing a lethal blood methadone concentration (2,9,12–
14,16). The presence of other drugs complicates the interpretation
of methadone dosage and concentrations. Drug interactions may
affect methadone concentrations through several mechanisms, in-
cluding decreasing methadone concentrations through the acceler-
ation of methadone metabolism due to the induction of hepatic mi-
crosomal enzymes with chronic abuse or, alternatively, increasing
methadone concentrations due to the inhibition of these enzymes,
as has been reported with benzodiazepines (10). Additionally, other
drugs may act synergistically with methadone in the production of
respiratory depression. Fatal concentrations may also vary widely
with an individual’s level of tolerance and susceptibility. An opiate
naı̈ve individual would be expected to be susceptible to lower con-
centrations of methadone. Lack of tolerance is no doubt a factor in
the deaths seen in the induction phase of methadone treatment for
heroin addiction.

The interpretation of postmortem blood methadone concentra-
tions may also be complicated by the phenomenon of postmortem
redistribution. Several previous studies have indicated that there is
a difference in blood concentrations between blood drawn from the
heart and alternate site blood samples, with no consistency of the
drug concentration being higher or lower between heart blood and
alternate samples (23,24). In our cases peripheral blood was used
for analysis whenever available.

Our results also indicate that considerable overlap exists in post-
mortem methadone concentrations among cases where death is
attributed to methadone toxicity or to combined drug toxicity and
death in which methadone is detected but is not considered to be a
contributory factor. Although the mean methadone concentrations
among the cases of methadone toxicity and combined drug toxicity
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were greater than the means seen among the cases of deaths at-
tributed to natural causes and to other drugs, because there was
such overlap in the ranges among these groups the concentration in
an individual case cannot be used to determine whether methadone
was a causal factor in the death or an incidental finding. Indeed,
the highest maximum and mean methadone concentrations oc-
curred in the group of deaths attributed to trauma, with a maximum
blood concentration of 2.7 mg/L and a mean blood concentration of
0.605 mg/L.

Differences among pathologists in the interpretation of post-
mortem blood methadone concentrations is indicated by the overlap
between those cases where methadone was thought to play a role
in the cause of death and those in which deaths were attributed
to other drugs or natural causes and methadone was considered
to be an incidental finding. Reliance on the currently published
lethal ranges for methadone may explain this variability in the in-
terpretation of the drug concentrations. It is clear that postmortem
methadone concentrations in individuals where natural disease pro-
cesses coexist require careful interpretation, because the concentra-
tions in these cases overlap those where the deaths were considered
to be methadone related.

Data pertaining to methadone metabolite concentrations were not
available in this study. It would be important to know the ratio of
methadone to its metabolite and further study is essential to deter-
mine whether the ratio would be useful in discriminating between
the overlapping ranges of blood concentrations of the parent drug
alone.

In conclusion, our results support those of previous investiga-
tors in indicating that it is not possible to establish a definitive
lethal blood methadone range. The presence of other drugs in most
cases makes it difficult to establish the role of methadone. However,
methadone alone can be interpreted as being a cause of death, and
death can occur at methadone concentrations below the previously
reported lethal ranges. The determination of the cause and man-
ner of death in methadone-positive cases necessitates correlation of
the toxicologic findings with autopsy results and investigative find-
ings. Our findings also support those of Gagajewski and Apple (16),
who state that the interpretation of methadone blood concentrations
must be weighed along with the clinical circumstances surrounding
death.
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