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One Hundred Seventy Two Deaths Involving the
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ABSTRACT: Oxycodone is a potent semi-synthetic narcotic prescribed for the management of pain. Previous investigators have reported that the
abuse of oxycodone is most frequently seen in conjunction with the abuse of other drugs, although fatalities have been reported with oxycodone
alone. We undertook a retrospective review of cases investigated by the Palm Beach County Medical Examiner’s Office in which postmortem
toxicologic studies indicated the presence of oxycodone. A total of 172 consecutive cases were studied, including 18 in which death was attributed
to oxycodone toxicity, 117 to combined drug toxicity, 23 to trauma, 9 to natural causes and 5 to another drug or drugs. The postmortem blood
concentrations of oxycodone overlapped among the groups. The mean blood oxycodone concentration among the cases of oxycodone toxicity was
0.69 mg/L, combined drug toxicity 0.72 mg/L and trauma 0.62 mg/L. Concentrations were lower in cases of deaths attributed to natural causes and
to another drug or drugs (mean each 0.087 mg/L). Benzodiazepines, detected in 96 cases, were the most common co-intoxicants in the cases of
combined drug toxicity, followed by cocaine, which was found in 41. The most frequently encountered benzodiazepine was alprazolam. This study
confirms that deaths in which oxycodone is a factor are most commonly cases of combined drug toxicity. The high incidence of alprazolam as a
co-intoxicant has not been previously recognized.
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Oxycodone is semi-synthetic opioid analgesic, which is used
therapeutically in the management of moderate to severe pain. It
is available in both immediate release forms, such as Percodan,
and controlled release forms i.e., OxyContin (1). The drug is well
absorbed, with a bioavailability of 60% to 87% (1). Oxycodone is
metabolized to oxymorphone, an active narcotic analgesic, and to
noroxycodone, which is relatively inactive (2).

Recent investigators have reported a rise in the abuse of oxy-
codone, in particular OxyContin (3–5). OxyContin has a high level
of absorption when chewed because the controlled release mech-
anism is bypassed. Some abusers achieve this effect by crushing
the tablets, dissolving them in water, and then either snorting or
injecting the drug (4). An increase in deaths involving oxycodone
has also been reported (6). Although deaths have been attributed
to oxycodone alone (6–8), the majority of deaths attributable to
oxycodone are cases of combined drug toxicity (7,9,10). Reported
drug combinations have included alcohol, cocaine, other narcotics,
benzodiazepines, marijuana, and anti-depressants (7,9).

We have noticed an increase in deaths attributable to oxy-
codone, alone or in combination, both in individuals prescribed
the drug and in the non-treatment population, in Palm Beach
County, Florida. Recent media accounts have called attention to
the rise in oxycodone abuse. We undertook the current study to fur-
ther elucidate the pattern of oxycodone abuse among oxycodone-
positive decedents in cases investigated by the Medical Examiner’s
Office.
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Materials and Methods

Case Reviews

One hundred seventy-two consecutive cases in which oxycodone
was detected in postmortem blood specimens were retrieved from
the files of the Palm Beach County, Florida, Medical Examiner’s
Office between January, 2000 and October, 2003. 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, Melbourne, Florida, or in occasional cases,
by the Dade County Medical Examiner Toxicology Division.

The investigative reports as well as the reports of the postmortem
examination and postmortem toxicologic studies were reviewed.
Demographic data collected included the decedents’ ages, race and
sex. The autopsy reports were reviewed for cause and manner of
death and for the presence of trauma or preexisting natural disease.
Information pertaining to the circumstances of death was obtained
from the investigators’ reports.

Analytic Methods

As part of routine toxicology analysis, comprehensive urine drug
screens were performed by immunoassay, thin-layer chromatogra-
phy, and high performance liquid chromatography. Comprehen-
sive blood drug screens were analyzed qualitatively by microtiter
plate enzyme immunoassay (MPEIA), fluorescent polarization
immunoassay, full scan gas chromatography-mass spectrometry
(GC-MS). If an opiate was identified by the drug screen, quantita-
tion of free and total opiates (codeine, morphine, hydrocodone,
hydromorphone, 6-MAM and oxycodone) were performed by
GC-MS.

Specimens were collected in red-top vials with measured
sodium fluoride. Peripheral whole blood specimens were used for
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quantitation when available. The samples were assayed in a batch,
along with standards and controls. Standards and deuterated inter-
nal standards were obtained from Cerilliant (Austin, Texas). Af-
ter enzyme hydrolysis with B-glucuronidase (total fraction only),
2 mL of whole blood was mixed with 50 µL of oxycodone-d6 in-
ternal standard and four 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 removed. The oxime deriva-
tives of hydrocodone and hydromorphone were formed by the addi-
tion of 50 µL of 10% hydroxylamine hydrochloride (HOX), capped,
vortex mixed and incubated at 50◦C for 30 min. The oxime intro-
duces an additional region for silylation that produces different
retention times and spectra for these compounds (11). The pH was
adjusted with phosphate buffer (pH 6.0), and centrifuged for 10 min
at 2500 rpm. Supernatant was transferred to tubes containing 1 mL
of pH6 phosphate buffer. The addition of 300 µL of 1.0 N NaOH
was added to samples for a final pH of 8.0. Samples were cen-
trifuged and supernatant was transferred. Samples were extracted
by solid phase extraction (Clean Screen-United Technologies, Inc).
The opiate SPE procedure, as written by UCT, was conducted as
described (12). Eluate was evaporated to dryness under nitrogen
at less than 40◦C. Fifty µL of acetonitrile was added and vor-
tex mixed. One hundred µL MSTFA was added to tube, over-laid
with nitrogen, capped, and vortex mixed. The samples were incu-
bated at 70◦C for 30 min. Samples were cooled, vortex mixed and
transferred to a GC-MS vial. One µL of sample was injected for
analysis.

GC-MS was performed with an Agilent Technologies (Palo
Alto, CA) 5972 MSD, coupled to a HP-1 (15 m × 0.25-mm i.d.,
0.25-µm film thickness) capillary column with a helium flow rate
of approximately 0.9 mL/min. Chemstation software was utilized
and the 5890 GC was operated in the splitless mode. The injection
port temperature was 250◦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 5972MSD was operated in the selected
ion-monitoring mode (SIM). The following ions were monitored:
oxycodone target ion 474, qualifier ions 459, 385, oxycodone-d6
target ion 480, qualifier ion 465. Oxycodone was identified by re-
tention time and relative abundance of the two ions monitored as
compared to values obtained 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 with an acceptance crite-
rion of ±20%. Standards were extracted and calibration curves
were derived on all runs. Oxycodone was quantitatively deter-
mined by comparing the ratio of integrated ion peak area with
that of deuterated oxycodone. Range of linearity for oxycodone
was 25–4000 ng/mL. Limit of detection and limit of quantitation
was 25 ng/mL. Precision of assay as measured by percent CV was
2.6–4.9.

Results

There were 172 cases identified in which oxycodone was de-
tected in postmortem blood specimens. The cases included 133
males and 39 females. Ages ranged from 17 to 91 years (mean
41.0 years). All of the decedents were white, except for two black
females.

The oxycodone-positive cases included 18 in which the cause
of death was attributed to oxycodone toxicity and 117 in which
death was attributed to combined drug toxicity. The most common

TABLE 1—Postmortem oxycodone blood concentrations.

Range Mean
Cause of death (mg/L) (mg/L)

Oxycodone toxicity 0.21–4.71 0.69
Combined drug toxicity 0.025–17.50 0.72
Trauma 0.025–1.99 0.62
Natural 0.025–0.19 0.087
Other drug(s) 0.025–0.17 0.087

scenario involved an individual with a history of drug abuse who
was found dead. Oxycodone was considered to be an incidental
finding in 23 cases of death due to trauma, 9 attributed to natural
causes and 5 deaths attributed to another drug or drugs.

Those deaths in which oxycodone was the only drug detected in
toxic concentrations were ruled as oxycodone toxicity and included
11 males and 7 females. Ages ranged from 17 to 64 years (mean
40.0 years). The manner of death was classified as accidental in
15 cases and suicide in 3 cases. The ruling on the manner of death
was based on a combination of postmortem toxicologic studies
and investigative information. A case was classified as a suicide
only if there was clear-cut information indicating that the individ-
ual intended to die. The postmortem blood oxycodone concentra-
tions in the cases of oxycodone toxicity ranged from 0.21 mg/L to
4.71 mg/L (mean 0.69 mg/L) (Table 1). Oxycodone was the only
drug detected in postmortem toxicologic studies in 8 of these cases,
with the oxycodone concentrations ranging from 0.21 mg/L to
1.22 mg/L (mean 0.55 mg/L).

The cases of death attributed to combined drug toxicity included
89 males and 28 females. Ages ranged from 17 to 91 years (mean
39.3 years). These deaths included 100 accidental deaths and 16
suicides. The manner of death was classified as undetermined in
1 case. Oxycodone concentrations ranged from 0.025 mg/L to
17.50 mg/L (mean 0.72 mg/L).

Benzodiazepines were the most common co-intoxicants in the
cases of combined drug toxicity. A benzodiazepine or benzodi-
azepines were detected in 96 cases, including alprazolam in 46
cases and diazepam and/or nordiazepam in 37. Oxycodone blood
concentrations in cases in which alprazolam was present ranged
from 0.025 mg/L to 2.9 mg/L (mean 0.552 mg/L). In 25 cases, both
cocaine and/or its metabolites and a benzodiazepine were detected.
Cocaine and/or its metabolites alone were found in 16 cases. Heroin,
identified by the presence of morphine and 6-monoacetylmorphine,
was found in 3 cases, including 2 in which cocaine was also
present. Morphine was identified in 11 cases, hydrocodone in 17
and methadone in 22 cases. Ethanol in a concentration of >0.08
G/dL was present in 22 cases.

The 23 cases of death due to trauma included 21 males and
2 females. Ages ranged from 18 to 84 years (mean 47.6 years).
Oxycodone concentrations ranged from 0.025 mg/L to 1.99 mg/L
(mean 0.62 mg/L). The cases included 8 classified as accidents,
7 suicides, 6 homicides and 2 in which the manner of death was
undetermined.

The cases in which death was attributed to natural causes included
8 males and 1 female. Ages ranged from 22 to 69 years (mean
52.3 years). Oxycodone concentrations ranged from 0.025 mg/L to
0.19 mg/L (mean .087 mg/L).

The 5 deaths attributed to the toxicity of another drug in which
oxycodone was considered to be an incidental finding included
4 males and 1 female. Ages ranged from 25 to 78 years (mean
46.8 years). Oxycodone concentrations ranged from 0.025 mg/L to
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0.17 mg/L (mean 0.087 mg/L). Four cases were classified as acci-
dental deaths and 1 as suicide.

Discussion

Oxycodone is a potent narcotic analgesic, which is popularly pre-
scribed for the management of pain. The increased therapeutic use
of oxycodone, particularly OxyContin, the sustained release form
of the drug, has been followed by an increase in deaths attributable
to oxycodone, both in the treatment and non-treatment populations
(8). We reviewed 172 cases in which oxycodone was detected in
postmortem toxicologic studies. The oxycodone-positive deaths in
our series included 133 males and 39 females. The mean age was
41.0 years, and there is a striking predominance of white individu-
als. These demographics are similar to those reported by previous
investigators (4,7).

Oxycodone abuse most commonly occurs in conjunction with
the abuse of other drugs (7,9,10). Limited data is available in
the literature on postmortem blood oxycodone concentrations in
cases of deaths involving the drug. Because of the frequent pres-
ence of other drugs in postmortem toxicologic analysis, it may
be difficult to determine the actual role of oxycodone in theses
cases. Baselt (2) reviewed 6 deaths involving oxycodone, 3 of
which involved at least 1 other depressant drug. Postmortem oxy-
codone levels in these cases ranged from 0.4 mg/L to 14.0 mg/L.
Spiller (8) reported 24 deaths attributable to oxycodone alone, with
no other drugs detected in postmortem analysis. The postmortem
blood oxycodone concentrations in those cases ranged from 0.12
mg/L to 8.0 mg/L (mean 1.23 mg/L), with 13 cases having oxy-
codone concentrations less than or equal to 0.5 mg/L. Drummer
and colleagues (6) studied 9 deaths involving oxycodone. Other
drugs were detected in all of the cases investigated, although in 3
cases no other drug was found in a toxic concentration. Blood oxy-
codone concentrations in those cases ranged from 0.6 to 1.4 mg/L
(mean 0.90 mg/L).

The postmortem oxycodone blood concentrations in the 18 cases
of oxycodone toxicity in our study ranged from 0.21 mg/L to
4.71 mg/L (mean 0.69 mg/L). In 8 of these cases, oxycodone was
the only drug detected, with concentrations ranging from 0.21 mg/L
to 1.22 mg/L (mean 0.55 mg/L). These ranges overlapped those
seen in the 117 cases where death was attributed to combined drug
toxicity, where oxycodone concentrations ranged from 0.025 mg/L
to 17.50 mg/L (mean 0.72 mg/L). Our findings are in contrast to
those of Cone and co-workers (13). These investigators studied
919 cases of oxycodone-related deaths and found a lower mean
blood oxycodone concentration in cases with multiple contribu-
tory drugs than in cases in which oxycodone was the only drug
involved. The postmortem oxycodone blood concentrations seen in
our oxycodone-related deaths also overlapped those seen in cases
of death due to trauma, where oxycodone was considered to be
an incidental finding and where oxycodone blood concentrations
ranged from 0.025 mg/L to 1.99 mg/L (mean 0.62 mg/L). Because
of this overlap, it may not be possible to conclusively establish toxic
and lethal concentrations of oxycodone. It may also be difficult to
determine the actual role of oxycodone in cases of combined drug
toxicity.

A number of previous studies have reported that oxycodone abuse
generally occurs in conjunction with the use of other drugs (1,7–9).
Abusers of oxycodone may not be aware of the potential deleteri-
ous effects of combining the drug with other commonly detected
drugs in cases of polypharmacy abuse. These drugs have included
both other depressant drugs, such as benzodiazepines, which would

potentiate the respiratory depressant effects of opioids (7,14–16),
and psychostimulants, such as cocaine (9). We also found that
the majority of deaths involving oxycodone were cases of com-
bined drug toxicity. Benzodiazepines were the most common co-
intoxicants in our cases of combined drug toxicity, detected in 96
cases, with alprazolam the most frequent benzodiazepine found.
The high rate of alprazolam co-intoxication found in our series
has not been previously reported. Cocaine was the second most
common co-intoxicant. We have previously reported that benzo-
diazepines and cocaine were the most common co-intoxicants in
cases where methadone was believed to play a causal role in death
(17).

Dalpe-Scott and co-workers (18) have reported that oxycodone
may exhibit postmortem redistribution. There was no appreciable
difference in the means and ranges of postmortem blood concen-
trations of oxycodone in peripheral blood versus central blood in
our cases.

In conclusion, oxycodone abuse in Palm Beach County, Florida
is most frequently encountered in the setting of multiple drug co-
intoxication. There is significant overlap in blood oxycodone con-
centrations between cases in which death is attributed to oxycodone
toxicity, combined drug toxicity, and those in which oxycodone is
considered to be an incidental finding. The paucity of data in the
literature establishing toxic levels of oxycodone makes it difficult
to determine its role in cases in which the drug is detected. This
difficulty is compounded in the majority of cases in which the
concentrations of other drugs detected also need to be taken into
consideration.

References

1. Anderson DT, Fritz KL, Muto JJ. Oxycontin: The concept of a “ghost
pill” and the postmortem tissue distribution of oxycodone in 36 cases.
J Anal Toxicol 2002;26:448–59. [PubMed]

2. Baselt RC. Oxycodone. In: Baselt RC, editor. 5th ed. Disposition of toxic
drugs and chemicals in man. Chemical Toxicology Institute, Foster City,
CA: 2000:644–5.

3. Suffett WL. Oxycontin abuse. J KY Med Assoc 2001;99:72. [PubMed]
4. Young D. Federal reports say oxycodone abuse is on the rise. Am J Health

Syst Pharm 2001;58:1175–9. [PubMed]
5. Spake A. Not an appropriate use. Did the makers of Oxycontin push too

hard. US New World Rep 2001;131:26.
6. Drummer OH, Syrjanen ML, Phelan M, Cordner SM. A study of deaths

involving oxycodone. Forensic Sci 1994;39:1069–75.
7. Cone EJ, Fant RV, Rohay JM, Caplan YH, Ballina M, Reder RF, et al.

Oxycodone involvement in drug abuse deaths: a DAWN-based classifi-
cation scheme applied to an oxycodone postmortem database containing
over 1000 cases. J Anal Toxicol 2003;27:57–67. [PubMed]

8. Spiller AA. Postmortem oxycodone and hydrocodone blood concentra-
tion. J Forensic Sci 2003;48:429–31. [PubMed]

9. Davis MP, Varga J, Dickerson D, Walsh D, LeGrand SB, Lagman
R. Normal-release and controlled-release oxycodone: pharmacokinet-
ics, pharmacodynamics, and controversy. Support Care Cancer 2003;11:
84–92. [PubMed]

10. Rooney S, Kelly G, Bamford L, Sloan D, O’Connor JJ. Co-abuse of
opiates and benzodiazepines. Ir J Med Sci 1999;168:36–41. [PubMed]

11. Cremese M, Wu AH, Cassella G, O’Connor E, Rymut K, Hill DW.
Improved GC/MS analysis of opiates with use of oxime- TMS derivatives.
J Forensic Sci 1998;43:1220–4. [PubMed]

12. United Chemical Technologies, Inc. Product application. Opiates by
GC/MS. Bristol, PA: United Chemical Technologies, Inc.

13. Cone EJ, Fant RV, Rohay JM, Caplan YH, Ballina M, Reder RF,
et al. Oxycodone involvement in drug abuse deaths. II. Evidence for
toxic multiple drug-drug interactions. J Anal Toxicol 2004;28:217–
25. [PubMed]

14. Clayton RR. Multiple drug use. Epidemiology, correlates, and conse-
quences. Recent Dev Alcohol 1986;4:7–38. [PubMed]

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12422999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11441585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11449872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12669998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12665006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12560936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10098342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9846400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15189671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3486436


4 JOURNAL OF FORENSIC SCIENCES

15. Davoli M, Perucci CA, Forastiere P, Doyle E, Rapiti E, Zaccarelli
M, Abeni DD. Risk factors for overdose mortality: a case-control
study within a cohort of intravenous drug users. Int J Epidemiol
1993;22:273–7.[PubMed]

16. Quinn DI, Wodak A, Day RO. Pharmacokinetic and pharmacodynamic
principles of illicit drug use and treatment of illicit drug users. Clin
Pharmacokinetic 1997;33:344–400.

17. Wolf BC, Lavezzi WA, Sullivan LM, Flannagan LM. Methadone-
related deaths in Palm Beach County. J Forensic Sci 2004;49:375–
8.[PubMed]

18. Dalpe-Scott M, Degouffe M, Garbutt D, Drost M. A comparison of drug
concentrations in postmortem cardiac and peripheral blood in 320 cases.
Can Soc For Sci J 1995;28:113–21.

Additional information and reprint requests:
Barbara C. Wolf, M.D.
Deputy Medical Examiner
Office of the Medical Examiner
Palm Beach County
3126 Gun Club Road
West Palm Beach, FL, 33406

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8505184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15027564

