
InTroducTIon

The increasing involvement of methadone in acciden-
tal overdose deaths is the subject of several recent
reports. The federal government reported more metha -
done-related deaths in 2001 alone—61—than occurred in
the entire 1990s. By 2002, that number had doubled to
123.1 Individual states are seeing a similar spike, causing
state and local medical examiners to publish data seeking
to alert the public to the potential danger.2-8 While the actu-
al numbers may look small, the increases are startling.

To examine this issue, a literature search was conduct-
ed for studies related to methadone deaths in the 1990s
and 2000s. Available for review was a report from the US
Substance Abuse and Mental Health Services Admini -
stration (SAMHSA), an additional report covering 11
states, and another six separate state studies containing
analyses of state medical examiner data. An email mes-
sage also was sent to the medical examiner offices of all
50 states and the District of Columbia to request access to
any further published studies. Only six replies were
received, none of which yielded any further published
studies for inclusion.

Of immediate interest to clinicians is whether the
increase in methadone-related deaths is tied to the drug’s
recent emergence as an analgesic to manage chronic,
nonmalignant pain. The SAMHSA report draws such a
parallel, even concluding that the increase in methadone
deaths cannot be traced to doses provided to narcotic
addicts by clinics specializing in methadone maintenance
treatment (MMT).9

While the state reports do not contain data adequate to
determine whether the bulk of decedents were abusing
methadone, combining it with other substances, or taking
methadone as directed for pain, it appears clinicians and
patients may underestimate the risk of respiratory depres-
sion associated with methadone. Some of this risk arises
from methadone’s pharmacologic properties, which
include a long, variable half-life.

The purpose of this paper is fourfold: 1) to alert clini-
cians to the rising number of reports of methadone-relat-
ed deaths, 2) to discuss the relative contribution of

methadone prescribed for pain to the incidence of acci-
dental overdose, 3) to consider the possibility that opioid
tolerance does not provide as much protection against
respiratory depression as often assumed, and 4) to sug-
gest safe methadone prescribing guidelines for use in
clinical pain practice. A particular urgency drives this lat-
ter need, as methadone’s use as an agent for treating
chronic pain continues to widen.

rIse In meThadone-reLaTed deaThs

samhsa data

A 2002 SAMHSA report showed methadone as ranking
in the top 10 drugs involved in deaths in 19 US cities. This
puts methadone ahead of hydrocodone and oxycodone
(in the top 10 for 15 cities each) but behind benzodi-
azepines (26 cities).10 This is striking, considering the
much higher availability of hydrocodone and oxycodone
compared to methadone. The US Drug Enforcement
Agency (DEA), using the Automation of Reports and
Consolidated Orders System (ARCOS), reports that the
amount of methadone manufactured and distributed
commercially in the United States grew from 194 g per
100,000 population to 954 g between 1997 and 2002. To
compare, oxycodone distribution for the same years
grew from 1,668 g to 8,056 g, and hydrocodone increased
from 3,249 g to 6,777 g.8

In 2004, SAMHSA reported that the increase in
methadone-related deaths did not appear to stem from
the liquid issued by methadone treatment centers, but
instead from an increase in solid tablets or diskettes used
to treat pain.9 Hospital emergency-department visits
involving methadone rose 176 percent from 1995 to 2002
and 50 percent from 2000 to 2002, according to
SAMHSA’s Drug Abuse Warning Network (DAWN).9 The
report names three scenarios as common for methadone
deaths: The first is through illicitly obtained methadone
used to achieve euphoria. The second is methadone
(either illicit or licit) used in combination with other pre-
scription medications, alcohol, opioids, or benzodi-
azepines. The last scenario is “an accumulation of
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methadone to harmful serum levels in the first few days
of treatment for addiction or pain, before tolerance is
developed.”11 It is this latter possibility that especially
concerns pain clinicians and calls for a re-examination of
methadone prescribing guidelines.

state data

Several states have noted a rise in methadone-related
deaths and have issued reports quantifying its involve-
ment in drug-related deaths overall. In a study of 11 states
from 1990 to 2001, death rates from poisonings that were
unintentional or of undetermined cause increased by an
average of 145 percent.2 Of the 11 states studied, eight
states identified the top poisoning substances for 1999
and 2000. Methadone was among the six most common
poisoning substances, involved in 5 percent of uninten-
tional/undetermined poisoning deaths. It should be
noted, however, that nonspecific categories such as
“other opioids” were common.

Six states (Florida, Maryland, Maine, New Mexico,
North Carolina, and Utah) have all issued recent reports
that analyzed state medical examiner data regarding
recent drug deaths, including methadone’s contribution.3-

8 These reports are similar in structure, although differing
in some details. Of particular interest are the data detailing
the change in drug-related overdose deaths overall, the
change in methadone-related deaths, and methadone’s
percentage of all drug-related deaths (Table 1).

decedent characteristics

The extent of analysis regarding decedent characteris-
tics varied greatly from state to state. New Mexico investi-
gators performed extensive, bivariate analyses in which
methadone-related deaths were significantly associated
with the following covariates: being white (non-
Hispanic), death caused by prescription drugs, absence
of heroin as a cause of death, absence of alcohol as a
cause of death, and the year 1998.6

Middle age appears to be a vulnerable period for drug
overdose, particularly involving prescription drugs. In the
study of 11 states, death rates from unintentional/unde-
termined poisonings were greatest for persons aged 45 to
54 years (average in crease, 359 percent) and 35 to 44
years (average increase, 195 percent).2 Other states
showed similar risk for middle-age patients.

multiple drug interactions

Some of the states reported the extent to which
methadone was found in toxicology reports to be the
sole cause of death or one of several contributing factors
combined with other prescription drugs, alcohol, or illicit
drugs. It should be noted, however, that a single-drug

death does not mean no other drugs were present, but
that one drug was judged to cause the death. For the year
2002, Florida reported 89 methadone-only deaths and
467 deaths attributed to methadone in combination.3

New Mexico reported 143 methadone-related deaths
from 1998 to 2002, 32 (22.4 percent) of which were sin-
gle-drug mentions.6 New Mexico deaths in which
methadone was found in combination included 34 (23.8
percent) with prescription drugs and 72 (50.3 percent)
with illicit drugs. North Carolina reported a 729 percent
increase in single-drug deaths involving methadone, from
seven in 1997 to 58 in 2001. Of 316 polydrug deaths in North
Carolina, methadone was involved in 51 (16 percent).7

The data are intriguing but fail to clarify how often the
methadone implicated in drug deaths was instrumental in
causing the fatality or was just one factor in a polydrug inter-
action. At least two states—Maine and Maryland—reported
an increase in the trend of overdose deaths attributed to sin-
gle-drug mentions.4,5 However, DAWN data point to fre-
quent polydrug involvement: In 43 major US metropolitan
areas, nine out of 10 deaths involving narcotic analgesics,
including methadone, were multiple-drug deaths.10

When a polydrug interaction is documented, benzodi-
azepines and alcohol are frequently listed as co-causes of
death. The exact mechanisms of the interaction of benzo-
diazepines with methadone, whether additive or syner-
gistic, have been studied12,13 but need to be better under-
stood. In addition to their sedative effects, some
benzodiazepines can alter the rate at which methadone is
metabolized in the system. This drug interaction can
make interpretation of postmortem results difficult.13

non-united states studies

The 1990s also saw an increase in studies from non-US
countries documenting a rise in methadone overdose
deaths.14-16 Most studies from Australia, the United Kingdom,
and elsewhere in Europe focused on heroin addicts main-
tained on methadone. An exception is an Australian study
that links a jump in methadone deaths in 1994 to its
increased availability as a chronic-pain treatment.17

sources of mIsused meThadone

Where most overdose victims obtain the methadone
that contributes to their deaths is still unclear. The evi-
dence, although incomplete and sometimes contradicto-
ry, indicates a fairly high level of prescription involve-
ment. For example, in Utah, 40 percent of decedents held
a valid prescription at the time of death. In New Mexico,
of 143 methadone-related decedents from 1998 to 2002,
68 (47.5 percent) had a prescription; 31 had been issued
methadone for MMT, 27 for managing pain, and 10 for an
unknown reason.6 Nevada claimed an even higher
degree of prescription involvement. In an email message
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dated May 10, 2005, the Washoe County Coroner said
Nevada had experienced approximately a fourfold
increase in methadone-related deaths in the past two
years, with the majority of victims holding valid prescrip-
tions for methadone. North Carolina found that 73 of 92
decedents for whom information could be documented
had held a valid prescription written for them by a physi-
cian.7 In contrast to these reports, Oklahoma showed that
close to two-thirds of methadone-related overdose victims
in 2001 and 2002 held no valid prescription, leading state
medical officials to blame black-market purchases for many
of the deaths.1 Exactly how popular methadone is as a drug
of abuse is unknown; however, methadone’s unique phar-
macologic properties make it relatively ineffective in produc-
ing the type of high sought by addicts. Methadone’s use by
narcotic addicts to medicate withdrawal symptoms is well
known and can increase the risk of overdose.

One wonders whether greater distribution at the end
of the 1990s contributed to the spike seen in some states
in methadone-related overdose deaths. As mentioned
previously, SAMHSA’s report points to the drug’s
increased availability by means of prescriptions for
chronic pain. Some states reported a rise in deaths paral-
leling the rise in quantities of methadone shipped to the
state. Utah, for example, from 1997 to 2002, saw a sixfold
increase in methadone distribution not explained by the
needs of addiction treatment programs.8 The higher
quantities of trafficked methadone did indeed coincide
with a higher incidence of fatality. In a conversation with
the author in March 2005, Utah’s state medical examiner

traced most of the prescription methadone involved in
accidental deaths to the offices of general practitioners
across the state rather than pain specialists, highlighting
the need for the wider publicizing of sound, safe pre-
scribing guidelines to nonspecialists.

However, availability cannot explain everything, and
the factors contributing to methadone overdose appear
complex. In North Carolina, the 2001 average of retailed
methadone per DEA registrant was 47 g (36 percent
above national average). However, counties with above-
average retailed methadone did not have a concurrently
high overdose rate, perhaps indicating under-treated
pain in low-retail areas. Just how much fraud is involved
in the obtainment of methadone will likely remain
unclear in the absence of a statewide prescription moni-
toring program, North Carolina investigators concluded.7

meThadone as paIn TreaTmenT

Methadone has proved to be an effective treatment for
several chronic pain conditions, and many clinicians con-
sider its long-acting pharmacologic properties especially
valuable in treating patients at high risk for abusing pre-
scription opioids. This characteristic, along with its being
relatively inexpensive and a good match with most short-
acting opioids used to treat breakthrough pain, make
methadone an attractive choice for treating chronic pain.
There is increasing pressure from third-party payers to
prescribe methadone as a first-choice opioid analgesic
due to its relative low cost.

213Journal of Opioid Management 1:4 n September/October 2005

Table 1. State data: Overall change in drug-related deaths,a methadone-related deaths, 

and methadone’s percentage of total drug-related deaths

Years studied
Change in total drug-

related deaths

Change in

methadone-related

deaths

Methadone percent 

of total drug-related

deaths

Florida 2003 – 2004 N/A Up 56 percentb 7.8 (2004)

Maine 1997 – 2002 up > 400 percent Up 450 percentb 18

Maryland 1997 – 2001 Up 16 percent Up 950 percent 4 (2001)

New Mexico 1998 – 2002 N/A Down 35 percent 12.8

North Carolinac 1997 – 2001 Up 110 percent Up 729 percent 19

Utah 1991 – 2003 Up ~ 500 percentd Up 1,358 percente
7.8 (1991 – 1998)

32.7 (1999 – 2003)e

a A drug was either the direct cause of death or a significant underlying factor; b Methadone increase as a cause of death;
c Unintentional overdose deaths only; d Increase from 1991 to 2003; e Compared the intervals of 1991–1998 to 1999–2003.



Methadone’s profile as a long-acting agent brings with
it certain cautions, however. The drug’s long and variable
half-life contributes to a clinical picture in which physio-
logic response can vary greatly from one person to the next.
Its half-life can range from four to 91 hours, and clearance
from a person’s system can vary by a factor of almost 100.7 At
the International Conference on Pain and Chemical
Dependency in February 2004, Richard Payne, MD, then-
president of the American Pain Society, warned that these
properties of methadone bring the potential for multiple
drug interactions and named rising safety concerns about its
use as one of the barriers to effective pain medicine.

ToLerance and respIraTory depressIon

The protection offered by opioid tolerance against the
risk of opioid-induced respiratory depression has been
an accepted fact of chronic opioid therapy for pain. This
treatment principle is presented in a consensus statement
from the American Academy of Pain Medicine and the
American Pain Society:

It is now accepted by practitioners of the specialty
of pain medicine that respiratory depression
induced by opioids tends to be a short-lived phe-
nomenon, generally occurs only in the opioid-naive
patient, and is antagonized by pain. Therefore,
withholding the appropriate use of opioids from a
patient who is experiencing pain on the basis of res-
piratory concerns is unwarranted.18

This view has been bolstered by several researchers,
including Fohr, who performed an exhaustive literature
review to demonstrate that the belief opioids hasten death
via respiratory depression is “more myth than fact.”19

However, other research—some of it methadone specif-
ic—has found that tolerance to respiratory depression is
incomplete and outpaced by tolerance to other opioid
effects such as euphoria, even in long-term opioid users.
Australian researchers White and Irvine, who examined the
pharmacologic basis of respiratory depression after opioid
administration, found that tolerance to the respiratory-
depressant effects of methadone was incomplete as related
to the hypoxia-sensitive chemoreceptor mechanism. This
contrasted with the carbon dioxide-sensitive chemoreceptor
mechanism, which the research suggested was complete.20

Further support for this finding comes from a study of
the chemical control of breathing, performed before and
after the administration of the daily dose of methadone in
14 former heroin addicts. The former addicts were
enrolled in an MMT program and were taking 60 to 100
mg per day. Subjects in one group had taken methadone
for less than two months, while members of a second
group had taken the drug from eight to 43 months. The
study found that during the first two months of MMT,

patients showed continual alveolar hypoventilation
owing to depression of central (CO

2
) and peripheral

(hypoxia) chemoreception. Then, after five months, alve-
olar hypoventilation was eliminated as the CO

2
-sensitive

chemoreflex acquired full tolerance to methadone at the
maintenance dose level. Also, they found that tolerance
of the hypoxia-sensitive chemoreflex developed more
slowly and is never complete.21

Further cautions arise not from errors in application, but
from the potential that certain patient characteristics, as yet
minimally studied and poorly understood, amount to risk
factors for accidental overdose death. Utah data, for instance,
show a predominance of overdose deaths in overweight
individuals, perhaps implicating sleep apnea.8

While undue fear of inducing respiratory depression
should not be allowed to interfere with appropriate deliv-
ery of effective pain relief via opioid therapy, attention
should be paid to the research that warns against consid-
ering opioid tolerance an absolute protection against res-
piratory depression.

sTudy caveaTs

The literature review methods used for this report
could not be considered exhaustive, and additional data
may exist covering methadone-related deaths. Only pub-
lished works were included, and no data were analyzed
that reported on limited geographic areas within states.
The limitations in the data-gathering and analysis meth-
ods of initial death investigators raise several serious
issues not to be minimized. First, the assignment of a
cause of death is a tricky business, particularly when mul-
tiple substances are present in the body and their relative
contributions are unclear. Second, bias may exist toward
assigning an opioid as the cause of death whenever it is
present in a toxicology report. Third, difficulty exists in
pinpointing a blood level of methadone that would be
toxic in most individuals.12,13,22,23 The lowest postmortem
concentrations of methadone given as fatal in several
studies ranged from 0.06 to 0.32 mg per L.13 The lethal
level is subject to a number of variables such as the dece-
dent’s history of opioid use, the presence of chronic pain,
and the action of polydrug combinations. Levels of
methadone reported as the cause of death may actually
be therapeutic in some chronic pain patients on long-
term methadone therapy for pain.

Yet, if methods used by state medical examiners to
investigate overdose deaths are imperfect, it is reasonable
to surmise that they are, at least, fairly consistent from
year to year. The rise in overdose deaths related to
methadone—and, indeed, to other categories of prescrip-
tion drugs—during the preceding decade and beyond
has been well documented and would appear to be inde-
pendent of the data-gathering methods used.

This information suggests the need to review safe
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guidelines for methadone prescribing. The process of
designing safe, effective dosing guidelines is complicated
by the difficulty in pinpointing any reliable, lethal dose of
methadone. It is difficult to determine whether the
methadone blood levels found after death reflect the
medication taken as prescribed or in excess of the pre-
scribed quantity. The time of day methadone is taken
may also have an effect. Because methadone’s distinct
contribution to overdose death is difficult to isolate, it is
better for clinicians to err on the side of caution.

prescrIbIng guIdeLInes: LookIng for safeTy

The sources and means by which misused methadone
becomes available will doubtless become clearer as evi-
dence accumulates. In the meantime, it is obvious that
the misuse of methadone by patients who held valid pre-
scriptions is responsible for at least a segment of the
deaths observed. Therefore, it is imperative that the med-
ical establishment responds to any clinical misapplica-
tions that are occurring. Arresting preventable deaths is
of paramount importance. This also throws the discus-
sion open to a certain amount of theorizing until more
evidence is available.

When accidental death does occur as a result of
methadone that was legally prescribed, two sources of
error are suspect. One is error introduced by clinicians
while initiating methadone therapy for pain, making the
conversion from other medications to methadone, or
escalating the methadone dose while feeling falsely
secure in the belief that a patient’s opioid tolerance or
pain status ensures safety. The second source of error can
be introduced by patients in their consumption of
methadone in ways not directed by the physician or in
combination with other substances. Patient error may
stem from escalating doses of methadone tablets against
medical orders while seeking greater pain relief. Patients
seeking optimal pain relief sometimes think, in essence,
“If one tablet is good and two are better, then three must
be great.” A patient may have done this in the past with a
different opioid medication, not realizing that metha -
done’s long, variable half-life makes any deviation from
the treatment plan extremely dangerous.

methadone conversion tables

Clinicians, perhaps over-reliant on published conver-
sion tables, may not be taking into account the long and
widely variable half-life of methadone as they convert
from what is believed to be equianalgesic doses of other
opioids. During this process, clinicians may overestimate
the protection afforded by a patient’s previous opioid tol-
erance and underestimate the risk of overdose.

Most conversion tables use a ratio to estimate the
equianalgesic dose of one opioid to another. It is often

assumed that the tolerance achieved by a patient on a
current regimen of opioids allows the clinician to begin
methadone at a rate equal to the exact morphine equiva-
lent. However, cross-tolerance is incomplete, even for
individuals currently prescribed high doses of other opi-
oids. Therefore, it is potentially dangerous to use the
equianalgesic dosing guidelines published in available
conversion tables when determining the starting dose of
methadone.

These tables—designed for a single use, not for chron-
ic administration—may also imply that no upper limit
exists for the starting methadone dose. This is belied by
evidence that patients are at risk for overdose during the
conversion period. One table suggests a conversion rate
of 5 to 10 percent of the oral morphine dose. This may be
far too high. For example, if the opioid-tolerant individ-
ual were taking up to 500 mg per day of pharmaceutical
narcotics, the starting methadone dose could be as high
as 50 mg per day. This might not be problematic for one
dose, but could prove too high for the accumulation that
occurs with multiple doses when considering metha -
done’s wide variability of half-life. The doses recom-
mended by conversion tables fail to take into account the
potential for accumulated toxicity and for polydrug inter-
actions that can occur with around-the-clock methadone.

new guidelines: start low, titrate slow

Speaking at the California Society of Addiction
Medicine Conference in October 2004, Mary Jeanne
Kreek, MD, recommended a starting dose of methadone
for chronic pain of 10 mg, bid. She suggested this be
titrated slowly to an analgesic, still-low dose, delivered
twice a day—thrice at the most. If patients have been tak-
ing high doses of other opioids, they may be quite opioid
tolerant. Still, the starting dose should be low and the
titration slow, Kreek recommended.

As with all opioids, the starting dose of methadone
depends on the patient’s age, degree of opioid tolerance,
severity of pain, concomitant medications, and general
health. Yet methadone’s pharmacologic properties call
for a conservative approach for even the most opioid-
 tolerant patients. Because such large variability exists in
the responses of individuals, it is always necessary to start
with a low dose and titrate slowly to an analgesic effect.
For this reason, the guidelines that follow do not differ
much between opioid-tolerant and opioid-naïve individ-
uals. Careful monitoring of individual patient response is
key. Keeping these thoughts in mind, the guidelines rec-
ommended for initiating methadone therapy are shown
in Table 2.

For now, safe practice supports starting the conver-
sion with a ceiling dose of no more than 20 mg per day,
10 mg per day for elderly or infirm patients. Dose
changes should not occur more often than weekly to
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allow a steady state of methadone to develop and for the
peak side effects to become clear. If patients are taking
concomitant benzodiazepines, the starting dose and
speed of titration may need to be adjusted downward.

For patients who are being converted from another opi-
oid to methadone, clinicians should slowly titrate downward
the other opioid as they slowly titrate methadone upward.
This practice will minimize the risk of withdrawal and of
overdose involving methadone or a combination of the two
opioids.

Patient counseling must include an emphasis on fol-
lowing all medical instructions to the letter: no escalation
of doses and no mixing of methadone with other pre-
scriptions, alcohol, or illicit substances. Patients should
be warned that any deviation in this regard can be dan-
gerous, even fatal.

These guidelines represent a more conservative recom-
mendation than seen elsewhere. Certainly, some patients are
able to tolerate a much more rapid conversion or titration.
Nevertheless, given the reports of deaths associated with
methadone, these starting guidelines should help clinicians
ensure patient safety and give methadone pain therapy a
greater chance of success. Safety must come first. More
aggressive pain control may follow once the mechanisms
behind the increase in methadone-related deaths are further
researched and better understood.

concLusIon

Methadone has unique properties that may make it sub-
ject to overdose, especially during its initial use. It is impor-
tant to clarify these properties to all practitioners who use
methadone to treat pain. These problems must be swiftly
dealt with. Many thousands of people are still under-treated
for pain. The quickest way for practitioners, many of whom
already fear treating pain with opioids, to lose confidence in
opioid therapy is for pain specialists to fail to acknowledge
problems with opioid toxicity when they arise.

Many questions must still be answered in future
research: What is the primary source—or sources—of
misused methadone? Is it possible to reach a medical
consensus on the doses, combinations, or other factors

that turn methadone lethal? Which patient characteristics
are also risk factors for accidental overdose when pre-
scribed methadone for pain? Does the time of day at
which methadone is consumed influence the potential
for a fatal dose? Is there opioid-specific tolerance to respi-
ratory depression? How much cross-tolerance between
opioids can be developed? What factors will influence the
degree of cross-tolerance? Is tolerance to respiratory
depression reduced with concomitant medications com-
monly used in treating chronic pain? If so, how much and
which concomitant medications pose the greatest risk?

Until these questions are answered, physicians must
adopt a cautious, conservative approach to the use of
methadone and closely monitor patient response.
Continued trust in the principles of pain management
depends on the widespread availability of dosing guide-
lines that do no harm. In the case of methadone prescrib-
ing for pain, a certain urgency exists in this respect.
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