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Abstract: The number of deaths associated with methadone use increased dramatically in parallel

with marked increases in its use, particularly for treatment of chronic pain. To develop a clinical

guideline on methadone prescribing to reduce potential harms, the American Pain Society commis-

sioned a review of various aspects related to methadone safety. This article summarizes evidence

related to unintentional overdose due to methadone and harms related to cardiac arrhythmia poten-

tial. We searched Ovid MEDLINE, the Cochrane Library, and PsycINFO databases through January

2014 for studies assessing harms associated with methadone use; we judged 70 studies to be rele-

vant and to meet inclusion criteria. The majority of studies on overdose and cardiac arrhythmia

risk are observational and provide weak evidence on which to base clinical guidelines. In patients

prescribed methadone for treatment of opioid dependence, data suggest that mortality benefits

related to reduction in illicit drug use outweigh harms. Despite epidemiologic data showing marked

increases in the numbers of methadone-related deaths that have been primarily attributed to

increased use of methadone for chronic pain, evidence on methadone and mortality risk in this pop-

ulation has been somewhat contradictory. There is some evidence that recent initiation of metha-

done, psychiatric admissions, and concomitant use of benzodiazepines are associated with a

higher risk for overdose. Evidence on cardiac risks is primarily limited to case reports of torsades

de pointes, primarily in patients on high doses of methadone, and to studies showing an association

between methadone use and prolongation of QTc intervals. Research is needed to understand the

effectiveness of dosing methods, electrocardiogram monitoring, and other risk mitigation strategies

in patients prescribed methadone.

Perspective: This systematic review synthesizes the evidence related to methadone use and risk for

overdose and cardiac arrhythmia. Findings regarding the association between methadone use and

QTc interval prolongation and risk factors for methadone-associated overdose suggest potential tar-

gets for risk mitigation strategies, though research is needed to determine the effectiveness of such

strategies at reducing adverse outcomes.
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(http://www.surveygizmo.com/s3/1548754/APS-Metha
done-Survey) to complete a brief questionnaire before
reading the guideline. The survey consists of 11
multiple-choice questions and should take no more
than a few minutes.

We also seek readers willing to take a follow-up sur-
vey (see instructions at the end of this survey). These
data will assist the APS in developing data on guideline
impact and thus assist us in securing and determining
allocation of funding in the future. We are offering a
token incentive for your participation.

Thank you for your cooperation.
Clinical Practice Guidelines Committee

American Pain Society
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ethadone is a synthetic opioid used for the treat-
mentofopioiddependenceandfor chronicpain.
For treatment of opioid dependence, metha-

done maintenance therapy is subject to specific federal
regulations and is associated with decreased risk of illicit
opioid use and associated complications, including drug-
related overdose.9,36,72 There is less evidence on the
benefits and harms of methadone as a treatment for
chronic pain,13 despite marked increases in use for this
purpose.99 Recently, methadone has come under
increasing scrutiny because of data indicating large in-
creases in the number ofmethadone-associated deaths.34

From 1999 to 2008, cases of methadone poisoning in the
United States increasedby600%, compared toan increase
in poisoning deaths due to heroin of 2.4%, and an
increase in deaths due to other synthetic opioids of
138%.10,30 Although the number of methadone
overdose deaths peaked in 2007, methadone remains
associated with a disproportionately large number of
opioid-relatedoverdosedeaths.10Challenges in interpret-
ing the data on methadone-associated mortality include
the difficulty in separating out methadone deaths associ-
ated with prescribed versus nonprescribed use, under-
standing potential contributing factors to overdose
deaths (such as the duration of use, dose, medical comor-
bidities, and medication interactions), determining
whether observed increased deaths are due to riskier pre-
scribing practices or are proportionate to increased use,
and understanding the comparative safety ofmethadone
relative to other opioids.
Methadone differs from other opioids in several as-

pects. Unlike most opioids, it has N-methyl-D-aspartate
antagonist activity at clinical doses.88 In addition, studies
suggest an association betweenmethadone use and pro-
longation of the corrected electrocardiographic QT (QTc)
interval, which can predispose to arrhythmias, such as
the potentially life-threatening torsades de pointes, a
type of ventricular tachycardia.54 Methadone also has a
long and variable half-life. Although the half-life is usu-
ally estimated at 15 to 60 hours, it can be as long as
120 hours.60 A long half-life may result in increased po-
tential for unintentional overdoses or other dose-
dependent harms. Assuming 5 half-lives to reach steady
state, in a patient for whom the half-life is 60 hours, it
would take almost 12 days on a stable dose to reach
peak serum levels. In addition, methadone to morphine
dose equivalent ratios are thought to increase at
morphine equivalent doses (eg, 1:2 methadone to
morphine at low doses, to as high as 1:20 at high doses),
and incomplete cross-tolerance to other opioids may
occur, which could affect safety when switching patients
from another opioid to methadone.2,44,87

In 2006, the U.S. Food and Drug Administration (FDA)
issued a safety alert regarding the association between
methadone and risk of death and cardiac arrhythmias,89

and lowered the recommended starting dose of metha-
done to a maximum initial dose of 30 mg/day (2.5–
10 mg every 8–12 hours).21 In 2009, a guideline from the
American Pain Society (APS) and the American Academy
of Pain Medicine recommended starting methadone at
2.5 mg every 8 hours and increasing the dose no more
frequently than weekly. Three subsequent guidelines
that were limited in scope to prevention of cardiac
arrhythmias each recommended risk assessment andelec-
trocardiographic (ECG)monitoring in patients prescribed
methadone.56,63,94

This article reviews the evidence related to uninten-
tional overdose due to methadone and harms related
to cardiac arrhythmia potential. It is part of a larger re-
view14 commissioned by the APS and the College on
Problems of Drug Dependence (CPDD), in conjunction
with the Heart Rhythm Society, to develop a clinical prac-
tice guideline on safer prescribing of methadone.
Methods
With the input of a 17-member multidisciplinary panel

convened by the APS and the College on Problems of
Drug Dependence (Appendix 1), we developed a review
protocol and analytic framework for this review. The
panel requested that the evidence reviewassess evidence
on various harms associated with prescribed methadone
use, risk factors for those harms (based on demographics,
presence of medical and psychiatric comorbidities, pre-
scribing characteristics such as dose or duration of ther-
apy, and other factors), and methods for reducing or
mitigating risks associated with use of methadone. The
review included the following key questions related to
overdose deaths and cardiac risks:
1. In populations prescribed methadone, what is the

risk of adverse events compared to nonuse of meth-
adone?

2. What are the comparative risks of adverse events
for methadone compared to other opioids or med-
ications?

3. How does risk of adverse events associated with
methadone vary according to dose or duration of
therapy?

4. In populations prescribed methadone, what factors
predict increased risk of adverse events?

5. In populations prescribed methadone, what is the
accuracy of baseline or follow-up ECGs for predict-
ing adverse cardiac events?

6. In populations prescribedmethadone, what are the
benefits and harms of baseline or follow-up ECGs?

http://www.surveygizmo.com/s3/1548754/APS-Methadone-Survey
http://www.surveygizmo.com/s3/1548754/APS-Methadone-Survey


Table 1. Strength of Study Designs

We considered the strength of study designs according to the following
evidence hierarchy (from highest to lowest):

� Randomized controlled trial

� Nonrandomized controlled clinical trial

� Cohort study

� Case-control study

� Cross-sectional study

� Before-after study

� Prevalence study, case series, other descriptive observational
studies
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7. In populations prescribed methadone with evi-
dence of QTc interval prolongation, what are the
benefits of correcting conditions associated with
QTc interval prolongation?

8. In populations prescribed methadone with evi-
dence of QTc interval prolongation, what are the
benefits and harms of continued use of methadone
versus switching to another opioid agonist or
discontinuation of methadone?

Detailed methods and data for the review, including
search strategies, detailed inclusion criteria, data
abstraction tables, and tableswith quality ratings of indi-
vidual studies, are available in the full report, which
includes additional key questions and other harms.14

Data Sources and Searches
We searched the Cochrane Library, OvidMEDLINE, and

PsycINFO through January 2014 for studies assessing
harms associated with methadone use. Reviews of refer-
ence lists supplemented the electronic searches.

Evidence Selection
Two reviewers (R.C., M.W., or T.D.) independently

evaluated each study to determine inclusion eligibility.
Papers were selected for full review if they were rele-
vant to a key question and met the predefined inclusion
criteria. This article focuses on use of methadone in
nonpregnant adults. Evidence on methadone in preg-
nancy and in children and on other harms associated
with methadone is addressed in the full report.14 Com-
parisons of interest were methadone (oral or intrave-
nous) versus placebo, other opioids, or nonopioid
analgesics. In addition, we included studies that
compared methadone use alone to methadone plus
another intervention. We excluded studies of patients
receiving methadone for management of acute pain
and studies of persons using nonprescribed methadone.
Studies that did not clearly distinguish prescribed from
nonprescribed use of methadone were excluded unless
they provided information not available from studies
that evaluated prescribed use. We excluded studies
that compared methadone to medications not available
in the United States, cost-effectiveness studies, and
modeling studies. Clinical outcomes were mortality,
overdose, arrhythmia, and ECG changes.
We included systematic reviews, controlled clinical tri-

als, and observational studies. We excluded studies only
published as conference abstracts; non–English lan-
guage studies; and reviews, policy statements, and other
articles without original data.

Data Extraction and Quality Assessment
One investigator (R.C., M.W., or T.D.) abstracted details

about the study design, patient population, setting,
medications, analysis, follow-up, and results. A second
investigator (R.C., M.W., or T.D.) reviewed data for accu-
racy. Two investigators (R.C., M.W., or T.D.) indepen-
dently applied predefined criteria based on methods
developed by the Cochrane Back Review Group,101

Downs and Black,22 the U.S. Preventive Services Task
Force,41 and the Assessment of Multiple Systematic Re-
views (AMSTAR) tool95 to assess the quality of each study.
Discrepancies were resolved through a consensus pro-
cess. We graded studies with no or only minor flaws as
good quality, those with serious flaws as poor quality,
and all others as fair quality.77 We also ranked the
strength of study designs based on an evidence hierarchy
(Table 1). Good-quality studies based on designs high on
the evidence hierarchy receive higher weight than good-
quality studies based on designs lower on the hierarchy.
We did not formally assess the quality of case series and
retrospective, uncontrolled database studies, though
important methodologic shortcomings are discussed.
Such studies rank lowon the evidence hierarchy, and reli-
able and validated quality assessment methods for these
types of studies are lacking.

Data Synthesis
We qualitatively synthesized and assessed the overall

strength of evidence for a body of literature in accordance
with methods adapted from the Grades of Recommenda-
tion Assessment, Development and Evaluation (GRADE)
Working Group35,38 and the Agency for Healthcare
Research and Quality’s (AHRQ’s) Methods Guide for
Comparative Effectiveness Reviews.77 To determine the
overall strength of evidence, we considered the risk of
bias (based on the type and quality of studies), the consis-
tency of results within and between study designs, the
directness of the evidence linking the intervention and
health outcomes, the precision of the estimate of effect
(based on the number and size of studies and confidence
intervals for the estimates), strengthof association (magni-
tude of effect), and the possibility for publication bias.
We rated the strengthof evidence for eachkeyquestion

using the 4 categories recommended in the Agency for
HealthcareResearch andQuality guide: A ‘‘high’’ grade in-
dicates high confidence that the evidence reflects the true
effect and that further research is very unlikely to change
our confidence in the estimate of effect; a ‘‘moderate’’
grade indicates moderate confidence that the evidence
reflects the true effect and that further research may
change our confidence in the estimate of effect and may
change the estimate; a ‘‘low’’ grade indicates low confi-
dence that the evidence reflects the true effect and that
further research is likely to change the confidence in the
estimate of effect and is likely to change the estimate;
an ‘‘insufficient’’ grade indicates that evidenceeither isun-
available or does not permit a conclusion.
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Role of the Funding Source and Conflict
of Interest Disclosure
None of the investigators conducting this review had

conflicts of interest to disclose. This research was funded
by the APS, but the APS had no role in study selection
quality assessment, synthesis, or development of conclu-
sions. The investigators are solely responsible for the con-
tent of the manuscript and the decision to submit for
publication.
Results

Size of Literature Reviewed
Investigators reviewed 3,746 potentially relevant

citations. Of these, we retrieved 1,170 full-text articles
to review for inclusion. After review of full-text articles,
we judged 71 studies to be relevant and tomeet inclusion
criteria for the key questions and outcomes addressed in
this article. These included 1 systematic review, 13 ran-
domized trials (4ofwhichwere included in the systematic
review), 32 observational studies (in 35 publications), and
25 case series.
Risk of Adverse Events With Methadone
Use Compared to Nonuse

Mortality and Overdose

A good-quality systematic review of 4 randomized
controlled trials (n = 576)37,49,76,109 found methadone
for treatment of opioid dependence associated with a
nonstatistically significant trend toward lower risk of
all-cause mortality compared to no methadone mainte-
nance therapy (relative risk [RR] .48; confidence interval
[CI] .10–2.4),65 but results are difficult to interpret
because of the imprecision of estimates, because of
methodologic shortcomings in the trials, and because
the studies were not designed to distinguish deaths
related to methadone use from deaths related to other
causes (such as illicit or nonprescribed drug use).
One fair-quality case-control study evaluated prospec-

tively identified cases of sudden death involving metha-
done at ‘‘therapeutic’’ levels (defined as <1 mg/L)
compared to sudden death not involving methadone
(Table 2).15 It found that a higher proportion of cases
involving methadone had no structural heart abnormal-
ities compared to cases not involving methadone (77%
[17/22] vs 40% [42/106], P = .003), suggesting a possible
causal role of methadone in the sudden deaths. Limita-
tions of this study include no statistical adjustment for
potential confounders and not accounting for factors
such as tolerance to methadone to define ‘‘therapeutic’’
methadone use, potentially resulting in misclassification
of some overdose cases.75

Three other observational studies also evaluated the
association between methadone maintenance therapy
and mortality (Table 2).18,33,100 Each found methadone
maintenance therapy to be associated with either
similar or decreased mortality compared with nonuse in
patients with opioid addiction18,100 or compared with
expected mortality among the general population.33

No study was designed to evaluate mortality associ-
ated with methadone use versus nonuse in patients
with chronic pain.

Cardiovascular Events

One before-after study (n = 160) reported no cases of
torsades de pointes following methadone initiation,
despite a relatively high frequency of QTc interval pro-
longation (Table 3).51,62 A fair-quality cross-sectional
study found that 4% (6/167) of methadone users had tor-
sades de pointes with no cases (0/80) in injection drug
users not using methadone, though results may have
been confounded by differential concomitant medica-
tion use (Table 3).24

ECG Changes

The proportion of patients on methadone with
QTc interval prolongation ranged from 0 to 37% with
methadone use and from 0 to 14% with nonuse in
studies of patients on methadone maintenance therapy
(Tables 3 and 4).12,24,43,51,55,59,62,85,86,91,96 Methodologic
limitations of the studies included failure to perform
adjustment on potential confounding variables or the
use of a relatively weak before-after or cross-sectional
study designs. In addition, the threshold for defining
abnormal QTc intervals varied among studies from
>430 to >500ms. In themethadone arm of a randomized
trial, the proportion of patients that developed QTc in-
terval prolongation (defined as >470 ms in men and
>490 ms in women) was 23%, with 12% experiencing
an increase in >60 ms from baseline.105 The highest
(fair) quality cross-sectional study found that 16% of
patients on methadone maintenance therapy had a
QTc interval >500ms, compared to 0% in nonmethadone
controls.24 In before-after analyses of the same or over-
lapping series of patients, the proportion of patients
with QTc interval prolongation based on a threshold of
>430 ms in men and >450 ms in women was 31%
6 months after initiating methadone compared to 14%
at baseline, and based on a threshold of >500 ms was
2% after 6 months compared to 0% at baseline.51,55,62

Two poor-quality, before-after studies found no QTc
interval prolongation in persons prescribed oral metha-
done for cancer pain, but evaluated lower median daily
methadone doses (23 and 30 mg) than in studies of
ECG changes in persons on methadone maintenance
therapy (Table 3).85,86

In case series of patients on methadone therapy
(including the methadone arm of cross-sectional studies
of methadone vs buprenorphine), the prevalence of QTc
interval prolongation ranged from .5% to 31% in 5
studies based on a threshold of >430 to 450 ms in men
and >460 to >470 ms in women3,27,28,61,66 to 32% in a
study that applied a threshold of >430 ms in men and
>450 ms in women (Tables 3 and 4).20 In 6 studies, the
proportion of patients who exceeded a QTc threshold
of >500 ms ranged from 0% to 6%.1,20,28,48,83,90



Table 2. Mortality and Overdose With Methadone Use Versus Nonuse

AUTHOR, YEAR STUDY DESIGN INCLUSION CRITERIA

POPULATION

CHARACTERISTICS INTERVENTIONS RESULTS QUALITY

Chugh, 200815 Case-control Sudden cardiac death

between 2002 and

2006 in the Portland,

OR, metro area

Total cohort: n = 128

Mean age 41 years

69% male

Cases: n = 22

Mean age 37 years

68% male

Mean methadone dose .48 mg/L; Controls:

n = 106

Mean age 42 years

69% male

Methadone (route unknown;

determined by blood

toxicology screen):

mean .48 mg/L

Sudden death in absence of

underlying cardiac disease,

methadone users vs

nonmethadone users: 17/22

(77%) vs 42/106 (40%); P = .003

Fair

Cornish, 201018 Prospective cohort Diagnosis of substance

misuse, at least 1

prescription of

methadone or

buprenorphine

n = 5,577

Mean age not reported; 85% 20–39 years

of age

69% male

Methadone

Methadone plus another opioid

Buprenorphine without methadone

Mean doses not reported

Mortality, off treatment vs on

treatment: 1.32 vs .69 per

100 person-years, adjusted

rate ratio 2.3 (95% CI 1.7–3.1)

Fair

Gearing, 197433 Prospective cohort Volunteer methadone

maintenance patients

n = 17,550

Mean age 30 years

79% male, 34% white, 41% black, 24%

Hispanic, 1% other

Oral methadone, mean dose not

reported (range 80–120 mg)

Mortality rate: methadone

7.6/1,000 vs expected rate,

general population age 20–54

years 5.6/1,000

Poor

van Ameijden, 1999100 Prospective cohort Methadone maintenance

patients

n = 498

Mean age 33 years

33% female

Oral methadone, mean dose

49 mg (77% of enrolled

population)

All-cause mortality, methadone vs

no methadone use: RR .83

(CI, P-value not reported)

Death due to overdose, methadone

use vs nonuse: RR .35 (CI not

reported; P = .05)

Fair
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Table 3. Cardiovascular Events and ECG Changes With Methadone Use Versus Nonuse

AUTHOR, YEAR STUDY DESIGN INCLUSION CRITERIA POPULATION CHARACTERISTICS INTERVENTIONS RESULTS QUALITY

Chang, 201212 Before-after Methadone maintenance with

opioids addiction >1 year

n = 150

Mean age 37 years

16% female

Race not reported (study

conducted in China)

Oral methadone: mean dose

40 mg/day

Baseline vs follow-up ECG

Mean QTc interval: 422 vs

430 ms

QTc interval increased >30 ms

above baseline at

6 months: 27/150 (18%)

QTc >500 ms: 0%

Fair

Cruciani, 200520 Case series Adults receiving$20mg/day for

more than 2 weeks

n = 110

Mean age 45 years

39% female, 82% white, 14%

black, 5% other

Oral methadone: mean dose

110 mg/day

Proportion of patients with QTc

prolongation: 33/104 (32%)

Not rated

Ehret, 200624 Cross- sectional Active or former injection drug

users hospitalized between

January 1999 and December

2003

n = 247

Mean age 37 years

34% female

Race not reported

Oral methadone: 4–300 mg/

day; median dose 100 mg/

day

Control group: no methadone

Methadone use vs no use

QTc $500 ms: 27/167 (16%)

vs 0/80 (0%)

QTc $460 ms: 50/167 (30%)

vs 8/80 (10%)

Torsades de pointes: 6/167 (4%)

vs 0/80 (0%)

Fair

Fareed, 201028

Other publications: Fareed,

201329

Case series Methadone maintenance,

treated at clinic for at least

6 months

n = 55

Mean age 56 years

7% female

64% nonwhite

Oral methadone: mean dose

90 mg/day

Baseline (already on

methadone) vs follow-up

ECG

Mean QTc interval: 417

vs 442 ms

QTc >450 ms on most recent

ECG: 14/52 (27%)

QTc >500 ms on most recent

ECG: 3/52 (5.8%)

Not rated

Fonseca, 200931 Case series Methadone maintenance with

stable dose for at least

2 months

n = 109

Mean age 38 years

32% female

92% Caucasian

Oral methadone: mean dose

64 mg

QTc duration >440 ms (men) or

>450 ms (women): 10/109

(9.2%; 7 men, 3 women)

Older age was the only variable

associated with

significantly increased risk

of prolonged QTc interval in

multivariate analysis

(OR 1.15; CI 1.03–1.27)

Not rated
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Table 3. Continued

AUTHOR, YEAR STUDY DESIGN INCLUSION CRITERIA POPULATION CHARACTERISTICS INTERVENTIONS RESULTS QUALITY

Huh, 201043 Cross-sectional Methadone for chronic pain n = 130

Mean age 51 years

55% female

Race not reported (study

conducted in Korea)

Oral methadone: mean dose

30 mg/day

Methadone use vs nonuse

Mean QTc interval: 443 vs

408 ms

QTc >450 ms: 33/90 (37%)

vs 3/40 (7.5%)

Fair

Katz, 201348 Case series Methadone maintenance,

participating in cardiac safety

program

n = 531

Mean age 41 years

43% female

36% nonwhite

Oral methadone: mean dose

44 mg/day

Proportion with QTc >500 ms at

some point during study:

21/588 (3.7%)

Not rated

Krantz, 200555 Prospective before-after Age >18 years with opioid

addiction duration of at least

1 year and at least 1 previous

attempt at detoxification

n = 118

Mean age 43 years

37% female

Race not reported

Oral methadone: mean dose,

6 months 80 mg (range 20–

120 mg)

Methadone use, baseline vs

6 months

Proportion of patients with

increased QTc (>430 ms for

men; >450 ms for women):

14% (17/118) vs 31%

(37/118); P = .2

Mean QRS duration: 92.8 ms vs

92.6 ms, mean

difference –.2;

P = .76

No incidence of torsades de

pointes, arrhythmia

Fair

Lipski, 197359 Cross- sectional Asymptomatic (not described)

MMT patients

n = 75 (41 methadone patients)

Mean age 33 years

Approximately 25% female

Race not reported

Oral methadone: mean dose

87 mg (range 10–600;

median 70)

Methadone vs no intervention

QTc prolongation (not defined)

14/41 (34%) vs 0/32 (0%)

Poor

Maremmani, 200561 Case series Methadone treatment for at

least 6 months, steady

methadone dose for at least

4 months, active clinic

participation

n = 83

Mean age 34 years

24% female

Race not reported

Oral methadone: mean dose

87 mg, range 10–600 mg

Proportion of patients with

pathologic QTc duration

(>470 ms in men, >480 ms

in women): 2% (2/83; both

male)

Methadone dose, gender not

associated with

prolongation

Not rated
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Table 3. Continued

AUTHOR, YEAR STUDY DESIGN INCLUSION CRITERIA POPULATION CHARACTERISTICS INTERVENTIONS RESULTS QUALITY

Martell, 200562

Other publications: Krantz,

200851

Prospective before-after Age >18 years with opioid

addiction duration of at least

1 year and at least 1 previous

attempt at detoxification

n = 160

Mean age 43 years

37% female

Race not reported

Oral methadone: mean dose,

6 months: 80 mg, range

20–120 mg); mean dose,

12 months 90 mg, range

20–200 mg)

Methadone use, baseline vs

6 months

Proportion with QTc interval

>450 ms (men) or >470 ms

(women): 5/160 (3%) vs

18/149 (12%)

QRS interval: 93 (SD 8) ms vs 93

(SD 8); magnitude of

change –.2 (SD 6); P = .7

Methadone use, baseline vs

12 months:

Proportion with QTc interval

>450 ms (men) or >470 ms

(women): 5/160 (3%) vs

14/108 (13%)

QRS interval: 93 (SD 8) ms vs 91

(SD 8); magnitude of

change –.8 (SD 3); P = .4

No incidence of torsades de

pointes, cardiac

arrhythmia, or syncope

Fair

Mayet, 201166 Case series Opioid dependence, receiving

stable dose of methadone for

$4 weeks

n = 83

Mean age 40 years

29% female

12% nonwhite

Oral methadone: mean dose

75 mg/day

Mean QTc interval: 429 ms

Proportion with QTc interval

$450 ms (men) or

$470 ms (women):

18% (15/83)

Proportion with QTc interval

>500 ms: 0% (0/83)

Not rated

Peles, 200783 Case series Methadone maintenance for at

least 100 days

n = 138

Mean age 41 years

29% female

Race not reported

Oral methadone: mean dose

171 mg/day

QTc interval

450–460 ms: 12/138 (9%)

461–500 ms: 7/138 (5%)

>500 ms: 3/138 (2%)

Mortality, mean follow-up

1.2 years: 2/138 (2%)

Not rated

Reddy, 200485 Retrospective before-after Outpatients treated with

methadone for cancer pain,

based on prescription data,

with ECG data

n = 56

No demographic data

reported

Oral methadone: median

dose 30 mg/day, range

2–480 mg/day

Baseline vs follow-up

QTc >500 ms: 2/56 (4%) vs 0/56

(0%)

Mean QTc interval: 413 ms (SD

30) vs 413 ms (SD 26)

Poor
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Table 3. Continued

AUTHOR, YEAR STUDY DESIGN INCLUSION CRITERIA POPULATION CHARACTERISTICS INTERVENTIONS RESULTS QUALITY

Reddy, 201086 Prospective before-after Cancer diagnosis, no prior

history of methadone use,

started on methadone for

pain management

n = 100

Median age 56 years

54% female

30% nonwhite

Oral methadone: median

dose 23 mg/day, range

3–90 mg/day

Baseline vs 2-week follow-up

Median QTc interval: 429 vs

429 ms

QTc > upper limit of normal

(>430 ms for males,

>450 ms for females):

28% (28/100) vs

31% (20/64)

QTc >500 ms: 0% (0/100) vs

1.6% (1/64)

QTc >10% above baseline:

7.8% (5/64) at 2 weeks

QTc >25% above baseline: 0%

(0/64) at 2 weeks

Poor

Roy, 201290 Case series Stable methadone maintenance

for >3 months

n = 180

Mean age 33 years

31% female

Race not reported

Oral methadone: mean dose

80 mg/day

Proportion of men with QTc

>450: 15/125 (8.3%)

Proportion of women with QTc

>470: 1/55 (.5%)

Proportion with QTc >500 ms:

0%

Not rated

Schmittner, 200991 Before-after Age 18–45 years; opioid

dependent according to

DSM-IV criteria; self-report at

least 30 day use; willing to

undergo urine toxicology

screening

n = 14

Mean age 35 years

43% female

57% black (other races not

reported)

3-week oral methadone

30–80 mg/day

Methadone use, baseline vs

follow-up

No statistically significant

differences in PR, QRS, or

QTc intervals reported in

text; data not shown

Fair

Abbreviations: DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; MMT, methadone maintenance treatment; OMT, oral methadone treatment; OR, odds ratio; SD, standard deviation; SE, standard error.
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Table 4. Cardiovascular Events and ECG Changes With Methadone Use Compared With Another Opioid

AUTHOR, YEAR STUDY DESIGN INCLUSION CRITERIA POPULATION CHARACTERISTICS INTERVENTIONS RESULTS QUALITY

Anchersen, 20091 Cross-sectional OMT patients willing to

participate (all subjects

were recruited)

Total cohort:

n = 200

Mean age 41 years

69% male

Oral methadone: mean dose

111 mg (SD 35)

Sublingual buprenorphine:

19 mg (SD 5)

Methadone vs buprenorphine

QTc interval >500 ms: 5% (8/173) vs

0% (0/27)

Fair

Athanasos, 20083 Cross- sectional Methadone or

buprenorphine

dependent

n = 54

Mean age 35 years

63% male

Race not reported

Methadone: mean dose

69 mg (SD 29)

Buprenorphine: mean dose

11 mg (SD 5)

Methadone vs buprenorphine

Mean QTc duration: 407 ms vs 407 ms;

P = .27

Prolonged (>430 in men) QTc interval:

6% (2/35) vs 0% (0/19); all subjects

with prolonged QTc interval were

men

Presence of U-waves: 31% (11/35)

vs 0% (0/19)

Fair

Fanoe, 200727 Cross-sectional Age >18 years treated

with methadone or

buprenorphine on a

daily basis

n = 450

Mean age 41 years

74% male

Race not reported

30% self-reported illicit opioid

use within week prior to study

interview

Oral methadone: 100 mg

median dose

Oral buprenorphine: mean

dose 5.4 mg

Methadone vs buprenorphine

QTc interval >440 ms: 127/407 (31%) vs

0/34 (0%)

Self-report syncope: 21% vs 9%, RR 2.3,

95% CI .87–5.8

Fair

Kornick, 200350 Cross-sectional Patients receiving IV

methadone or morphine

at Memorial Sloan

Kettering Cancer

Center between July

1999 and March 2001

n = 82

Demographic data not reported

IV methadone, mean dose

17.8 mg/hour (range .1–

97.1; SE 20.6)

IV morphine, mean dose 9.8 mg

(range .7–35; SE 7.9)

Methadone vs no methadone:

mean difference QTc interval, 41.7 ms (SE

7.8 ms); P < .0001

Morphine vs no morphine:

mean difference QTc interval: 9.0 ms (SE

6.1 ms); P = .15

Good

Stallvik, 201396 Cohort OMT patients on methadone

or buprenorphine in

Norway

n = 80

Mean age 36 years

Race not reported

Oral methadone: mean dose

88–96 mg/day

Oral buprenorphine: mean

dose 16–19 mg/day

Methadone vs buprenorphine

Mean QTc duration: 408 ms vs 398 ms

(P > .05)

QTc >450 ms: 0/45 (0%) vs 0/35 (0%)

Fair

Wedam, 2007105

Other publications:

Johnson, 200045

Randomized

controlled trial

Age 21–55 years;

DSM-IV opioid-dependent;

evidence of recent opioid

use on toxicology screen

n = 154

Mean age 36 years

62% male

60% nonwhite (not described)

Mean heart rate 64 beats/minute

Methadone 60–100 mg

Buprenorphine 16–32 mg

Methadone vs buprenorphine

QTc >470 (men)/490 (women) ms:

12/53 (23%) vs 0/54 (0%); OR

14.4 (95% CI 1.9–109.5; P = .01)

>60 ms change in QTc from baseline:

12% vs 2%; OR 8.4 (95% CI 1.9–36.4)

Good

Abbreviations: DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; OMT, oral methadone treatment; OR, odds ratio; SD, standard deviation; SE, standard error.
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Table 5. Methadone Dose and Duration and Adverse Events

AUTHOR, YEAR (SAMPLE SIZE)
PROSPECTIVE

DESIGN

ADJUSTMENT FOR

CONFOUNDERS

METHOD OF ANALYZING

METHADONE DOSE FINDINGS

Anchersen, 20091 (n = 200) Yes No Continuous variable Methadone dose and QTc prolongation:

correlation coefficient .367 (95% CI .22–.51)

Athanasos, 20083 (n = 54) Yes No <60 vs >60 mg/day No correlation between methadone dose and QTc

prolongation

Buster, 20028 (n = 5,200) No Yes Recent methadone use

vs continuous use

Recent initiation of methadone associated with

increased risk compared to continued use:

adjusted RR 2.9 (95% CI 1.4–5.8)

Chang, 201212 (n = 283) No Yes Continuous variable Methadone dose and QTc prolongation:

correlation coefficient .210 (P = .0014) in males

and .164 (P = .2363) in females

Cousins, 201119 (n = 3,162) No Yes <60 vs $60 mg/day Drug-related mortality: adjusted HR .98 (95% CI

.44–2.18)

Cruciani, 200520 (n = 110) Yes No Continuous variable Effect size .03, P = .89 for methadone dose

Ehret, 200624 (n = 247) No Yes Continuous variable Correlation between daily methadone dose and

QTc prolongation, rs = .20; P < .01

Fanoe, 200727 (n = 450) No No Continuous variable Higher rate of self-reported syncope per 50 mg/

day increase in methadone dose: OR 1.2 (95%

CI 1.1–1.4)

Huh, 201043 (n = 90) No No Continuous variable No association between methadone

dose and QTc interval (average dose 30 mg/day)

Justo, 200647 (n = 40) No No Continuous variable High-dose methadone commonly associated with

TdP (98% of patients)

Katz, 201348 (n = 531) No Yes Continuous variable Higher methadone dose associated with greater

magnitude of increase in the QTc interval from

baseline (P = .009)

Krantz, 200353 (n = 17) No Yes Continuous variable Higher methadone dose associated with increased

risk of TdP (r = .51; P = .03)

Krebs, 201157 (n = 108,492) No Yes Continuous variable Mortality risk lower for methadone compared to

morphine; dose-adjusted HR .58 (95% CI

.52–.64). Most deaths occurred during the first

30 days of use in both groups

Martell, 200562 (n = 160) Yes Yes Continuous variable Higher serum methadone level significantly

associated with QTc prolongation at 6 and

12 months

Mayet, 201166 (n = 83) Yes Yes Continuous variable Methadone dose predicted longer QTc duration

(b .318; P = .003)

McCowan, 200968

(n = 2,378)

No Yes Continuous variable Increased duration of treatment associated with

decreased risk of all-cause mortality: HR .95

(95% CI .94–.96)

Roy, 201190 (n = 180) No Yes Continuous variable No association between methadone dose and

degree of QTc prolongation (average dose

�80 mg/day)

Stallvik, 201396 (n = 45) No Yes Continuous variable No association between methadone dose and

degree of QTc prolongation (average dose

88–96 mg/day)

van Ameijden, 1999100

(n = 498)

Yes Yes 5–55 mg/day;

55–75 mg/day;

>75 mg/day

Higher methadone dose associated with lower

rate of death due to overdose

Zador, 2000110 (n = 238) No Yes Daily dose of 266 mg Higher dose associated with more severe sleep

apnea (P = .002 for apnea-hypopnea; P = .008

for central apnea)

Abbreviations: OR, odds ratio; TdP, Torsades de pointes.

348 The Journal of Pain Systematic Review on Methadone Harms
Risks of Adverse EventsWithMethadone
Compared to Other Opioids

Mortality and Overdose

Methadone was not associated with increased risk of
all-cause mortality versus morphine in 1 fair-quality
cohort study (n = 5,684) based on Oregon Medicaid
administrative data of patients with chronic noncancer
or cancer pain (adjusted hazard ratio [HR] .71, 95% CI
.46–1.08).42 There was also no difference in risk of emer-
gency department encounters or overdose symptoms.
Although methadone was associated with increased risk
of opioid poisoning, the difference was not statistically
significant (adjusted HR 3.22, 95% CI .60–17.25), and this



Chou, Weimer, and Dana The Journal of Pain 349
outcomewas defined using nonspecific symptoms such as
alteration of consciousness, malaise, fatigue, lethargy, or
respiratory failure. In another fair-quality cohort study
(n = 98,068) based on national Veterans Affairs adminis-
trative data, methadone was associated with decreased
all-cause mortality risk compared to morphine based on
an analysis stratified according to propensity to be pre-
scribed methadone (adjusted HR .56, 95% CI .51–.62).57

Randomized trials of methadone versus other opioids
were not designed to assess mortality and reported
few or no events.6,45,64,69,70,74,102 Epidemiologic studies
found methadone to be associated with higher risk of
overdose than other opioids, but they did not evaluate
true inception cohorts of patients prescribed different
opioids, they used surrogate denominators (such as
dispensing or sales rates) to estimate risk, and they were
not designed to distinguish adverse events associated
with prescribed versus illicit use of opioids.10,79-81 One
recent study found that methadone accounted for 9.0%
(in morphine milligram equivalents) of prescribed
opioids in 2009 but 31% of deaths.10 Using kilograms
sold as the denominator, the rate of methadone deaths
(9.7 deaths per 100 kg morphine milligram equivalents)
was higher than for any other opioid (9.7 vs .1–3.8 deaths
per 100 kg morphine milligram equivalents for single-
drug deaths, and 33.6 vs .8–20.2 for all deaths).

Cardiovascular Events

Cardiac events associated with methadone use were
infrequently reported. One fair-quality cross-sectional
study foundanonstatistically significant trend in syncope
withmethadone compared to buprenorphine in patients
treated for opioid addiction (RR 2.3, 95% CI .87–5.8) but
relied on retrospective recall of syncopal episodes.27

ECG Changes

One good-quality randomized controlled trial105 and 3
fair-quality cross-sectional studies1,3,27 found methadone
for treatment of opioid dependence to be associated
with increased risk of QTc interval prolongation
compared to buprenorphine (Table 4). In the 4 studies, a
total of 668participants receivedmethadone (meandoses
ranged from 69 to 111 mg), and 131 received buprenor-
phine (range 5–19 mg). One cohort study (n = 80) found
no cases of QTc interval prolongation >450 ms with
either methadone (mean dose 88–96 mg) or buprenor-
phine (16–19 mg).96

The randomized controlled trial found that 23% (12/
53) of patients with a normal ECG at baseline random-
ized to methadone developed QTc interval prolongation
(>470 ms for men or >490 ms for females) compared to
no cases in 54 patients randomized to buprenorphine
(odds ratio 14, CI 1.9–110).105 Twelve percent of patients
on methadone had an increase in QTc interval >60 ms
compared with 2% with buprenorphine. In the cross-
sectional studies, the incidence of QTc interval prolonga-
tion (variably defined) ranged from 5 to 31% in the
methadone groups, with no cases reported in the bupre-
norphine groups.1,3,27 An observational study that
compared ECG findings on and off intravenous opioids
in hospitalized patients with cancer pain found
methadone to be associated with a larger increase in
QTc interval compared to morphine (42 vs 9.0 ms),
though findings may have been confounded by QTc-
prolonging effects of the carrier agent chlorobutanol.50
Effects of Dose or Duration on
Methadone-Associated Adverse Events

Mortality and Overdose

Two fair-quality cohort studies found no clear associa-
tion between higher doses of methadone maintenance
therapy and risk of overdose death or all-cause mortal-
ity.19,100 No study specifically evaluated the association
between methadone dose and overdose risk in patients
with chronic pain, although 2 observational studies
found an association between higher doses (based on
morphine equivalents) of opioids in general and
increased risk of mortality.19,100

Recent initiation or shorter duration of methadone use
was associated with increased risk of mortality in 5 obser-
vational studies (Table 5).8,19,57,68,110 Two studies found
that a high proportion of methadone-associated deaths
occurred soon after methadone initiation for chronic
pain (about two-thirds of deaths occurred within the first
30 days of therapy)57 ormethadonemaintenance therapy
(about 21% of deaths occurred within the first week).110

Three studies found the period soon after initiation of
methadone maintenance therapy associated with
increased mortality risk,8,19,68 though risk estimates were
close to 1 in 1 of the studies.68 In the 2 other studies, treat-
ment for 3 to 10weeks and>10weekswas associatedwith
lower risk of drug-related mortality than treatment for 1
to 2 weeks (adjusted HR .40, 95% CI .17–.95, and .10,
95%CI .03–.35, respectively)19 and recent initiationassoci-
ated with increased risk compared to continued use
(adjusted RR 2.9, 95% CI 1.4–5.8).8

Cardiovascular Events and ECG Changes

One cross-sectional study found higher doses of meth-
adone maintenance therapy associated with increased
risk of self-reported syncope in the last year (odds ratio
1.2 per 50 mg of methadone, 95% CI 1.1–1.4; Table 5).27

Sixstudiesfoundhighermethadonedosesorhighermeth-
adone serum concentrations associated with greater QTc
interval prolongation after controlling for other factors
associated with QTc interval prolongation.24,27,48,53,62,66 In
these studies, the amount of QTc variability explained by
differences in methadone dose ranged from 1 to 28%.
Other studies found higher methadone dose associated
with QTc interval prolongation in a specific subgroup (eg,
men12,20) or based on univariate analyses.1,3 One cohort
study found QTc intervals of >500 ms only in patients
prescribed 120 mg/day or more of methadone.1 Studies
that found no association between methadone dose and
QTc interval prolongation tended to evaluate populations
on relatively low (eg, <50 or <100 mg/day) mean doses of
methadone.3,43,96

Case series (n = 17 patients53 and 40 patients47) re-
ported high daily methadone doses (mean dose



Table 6. Risk Factors for Mortality and Overdose Outcomes With Methadone Use

AUTHOR, YEAR STUDY DESIGN INCLUSION CRITERIA POPULATION CHARACTERISTICS INTERVENTIONS RESULTS QUALITY

Ballesteros, 20034 Case series Accidental death with methadone

as primary cause

n = 198

Mean age 39 years

64% male

98% white

75% cases methadone was the only drug

contributing to death; 49% (97 cases)

the source of methadone was known

Methadone; mean

dose not reported

Source in methadone-related overdose

deaths (available for 97 cases):

75% (73/97) prescribed by a physician

25% (24/97) obtained illicitly

In opiate treatment program in North

Carolina at time of death (available for

198 cases):

4% (8/198) identified as in treatment

96% (190/198) not identified as in

treatment

Not rated

Barrett, 19965 Case series Medical examiner cases where drug

screen was performed and there

was evidence of methadone

n = 91

Median age 35 years

67% male

85% white

Methadone; mean

dose not reported

Death due to methadone toxicity: 12%

(11/91)

Death due to polydrug toxicity: 37%

(34/91)

Not rated

Bryant, 20047 Case series Accidental overdose deaths from

methadone or heroin

n = 7,451 (1,024 methadone overdoses,

4,627 heroin overdoses, 408 both)

Mean age not reported: age 15–24 years:

5%; age 24–34 years: 29%; age 35–44

years: 43%; age 45–54 years: 19%; age

55–64 years: 4%

79% male

34% white, 36% black, 30% Hispanic

81% methadone detected

Methadone, heroin Methadone-induced overdose deaths,

risk factors:

Men vs women, AOR .6 (CI .52–.70)

Age 15–24 vs: age 25–34 years, AOR

1.69 (CI 1.08–2.64); age 35–44 years,

AOR 3.03 (CI 1.97–4.67); age 45–

54 years, AOR 2.79 (CI 1.78–4.35);

age 55–64 years, AOR 2.34 (95% CI

1.37–4.01)

Cocaine detected vs no cocaine detected in

toxicology, AOR .56 (CI .49–.64)

Heroin vs no heroin detected in toxicology,

AOR .46 (CI .40–.53)

Alcohol vs no alcohol present in toxicology,

AOR .78 (CI .68–.91)

Deaths in 1990 vs: 1997, AOR .58

(CI .42–.82); 1998, AOR .69 (CI .50–.96)

Not rated

Buster, 20028 Retrospective

cohort study

Current and former methadone

patients (within 1 year of leaving

treatment) in Amsterdam, The

Netherlands, between January 1,

1986, and December 1998

n = 5,200

Mean age not reported; 71% age 30–39

years

77% male

Race not reported

Methadone; mean

dose not reported

1% (68/5,200) overdose deaths

Risk of mortality:

Men vs women: ARR 3.3 (95%

CI 1.5–7.2), and being born native of

The Netherlands vs other countries:

ARR 5.0 (95% CI 2.3 to11)

Fair
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Table 6. Continued

AUTHOR, YEAR STUDY DESIGN INCLUSION CRITERIA POPULATION CHARACTERISTICS INTERVENTIONS RESULTS QUALITY

Chan, 200611 Case series Decedents with methadone found

in their toxicologic analyses

at death, hospitalized patients

n = 500

Mean age 46 years

76% male

31% white, 27% black, 41% Hispanic

Subjects in the accidental overdose group

were significantly younger (44 vs

48 years; P < .001) and were more likely

to be white race (41% vs 23%; P < .01)

compared to the death for all causes

group

Methadone; mean

dose not reported

Overdose due to methadone vs death from

other cause

Concomitant benzodiazepines, OR 1.66

(CI 1.12–2.45)

Concomitant tricyclic antidepressant and

benzodiazepine, OR 4.34 (CI 1.97–9.56)

Risk factors associated with a methadone

overdose vs death from another cause:

White race, OR 4.27 (CI 2.57–7.12)

Amitriptyline use, OR 2.12

(CI 1.17–3.85)

Cocaine use, OR 3.16 (CI 1.35–7.40)

Morphine use, OR 2.13 (CI 1.05–4.33)

Opiate use, OR 2.84 (CI 1.38–5.85)

Citalopram use, OR .31 (.10–.92)

Not rated

Cousins, 201119 Retrospective

cohort study

Residents of Tayside, Scotland,

receiving prescribed methadone

between January 1993 and

February 2004

n = 3,162

Mean age not reported; 46% age 20–

29 years; 26% age 30–39 years

65% male

Race not reported

Methadone: mean

dose not reported;

74% of patients

had a last methadone

dose of <60 mg

Mortality risk:

Psychiatric admission vs no psychiatric

admission: adjusted HR 7.0 (95%

CI 3.5–14)

Prescription for benzodiazepines vs no

prescription: adjusted HR (1.4, 95%

CI 1.2–1.7)

Fair

Ernst, 200225 Case series Methadone-related deaths with

methadone in toxicologic analysis

between 1993 and 1999

n = 84 deaths

Mean age 31 years

68% male

48% prescribed methadone

90% prescribed were enrolled in MMT;

30% had chronic pain

44% were depressed and/or suicidal

27% had history of drug overdose

19% had schizophrenia or other psychotic

disorder

Methadone: mean

dose not reported

64% (54/84) died from accidental causes

74% (40/54) of accidental cause of death

was combination of drug effects

Among MMT patients (n = 36), 28%

(10/36) died within <1 week of

methadone initiation, 72% (26/36) died

after the first week of MMT

Not rated

Gagajewski, 200332 Case series Intentional and unintentional deaths

associated with methadone as

found in toxicologic analysis during

autopsy between 1992 and 2002

n = 96 cases (MMT cases n = 33)

Mean age 45 years

77% male

91% white

Methadone: mean

dose not reported

9% (3/33) MMT patients died during the

first week of methadone induction

Benzodiazepines were found in 67%

(22/33) of the MMT group

For those who were prescribed methadone

for pain (n = 15), 47% (7/15) died from

overdose vs 53% (8/15) from natural

causes

Not rated
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Table 6. Continued

AUTHOR, YEAR STUDY DESIGN INCLUSION CRITERIA POPULATION CHARACTERISTICS INTERVENTIONS RESULTS QUALITY

McCowan, 200968 Retrospective

cohort study

Registered with a Tayside, Scotland,

general practitioner; prescribed and

dispensed methadone between

January 1993 and February 2004

n = 2,378

Mean age not reported (range 16–60 years)

55% of population aged

20–29 years

67% male

Race not reported

Methadone: mean dose

not reported, 85%

mean dose <60 mg

Incidence

All-cause mortality 8% (181/2,378)

Death due to drug dependence 3%

(60/2,378)

Charlson Comorbidity Index 1–2: AHR 1.08

(95% CI 1.02–1.14)

Charlson Comorbidity Index >3: AHR 1.20

(95% CI 1.15–1.26)

Overusing methadone: AHR 1.67 (95%

CI 1.05–2.67)

Duration of methadone treatment (years):

AHR .95 (95% CI .94–.96)

Time since last prescription filled (4–

6 months): AHR .91 (95% CI .84–.99)

Time since last prescription filled

(>6 months): AHR .70 (95% CI .66–.73)

Having urine tested: AHR .33 (95%

CI .22–.49)

Duration of treatment years: AHR .93 (95%

CI .92–.95)

>6 months since prescription: AHR .02

(95% CI .00–.05)

History of psychiatric admission: AHR 2.41

(95% CI 1.25–4.64)

Use of benzodiazepines: AHR 4.35 (95%

CI 1.32–14.30)

Antipsychotic use: AHR .27 (95%

CI .08–.89)

Antidepressant use: AHR .51 (95%

CI .30–.98)

Fair

Neale, 200073 Case series Nonfatal overdose treated in the

hospital or emergency department

and current methadone prescription,

use of methadone prior to overdose,

or desire for methadone at the

time of the interview

n = 33

Mean age 26 years (range 18–36 years)

64% male

97% white

Methadone: mean

dose for 64% of

population 65 mg

(range 30–110)

Reported dose of methadone taken prior

to overdose was 35–1,000 mg

(median 110 mg)

Accidental overdose 12% (4/33)

Diversion 9% (3/33)

Not rated
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Table 6. Continued

AUTHOR, YEAR STUDY DESIGN INCLUSION CRITERIA POPULATION CHARACTERISTICS INTERVENTIONS RESULTS QUALITY

Seymour, 200392 Case series Methadone found on toxicologic

analyses at death and found to

contribute to cause of death

n = 270 (187 methadone related)

Mean age 27 years (range 15–58)

79% male

Race not reported

97% history of substance abuse

68% active IV drug users

43% in MMT

37% prescribed methadone

55% obtained illicit methadone

Methadone: mean

dose not reported

85% (230/270) of deaths were polydrug

related

65% (176/270) decedents died with

concomitant diazepam

31% (84/270) decedents died with

concomitant temazepam

34% (95/270) decedents died with

concomitant heroin

55% (149/270) of deaths occurred over the

weekend

46% (124/270) of weekend deaths were in

MMT

No association between timing of death

and MMT (P = .13)

Not rated

Shah, 200593 Case series New Mexico residents with

unintentional drug overdose

between 1998 and 2002 based

on cause of death determination and

finding methadone in the toxicologic

analyses at death

n = 1,120

Median age 40 years

75% male

53% Hispanic; 42% White; 5% Black,

American Indian, or Asian

Methadone: mean

dose not reported

Overdose due to methadone vs other

drugs: no statistically significant

associations with sex, race, or age in

adjusted analysis

Not rated

Sunjic, 199798 Case series Medical examiner methadone-related

deaths

n = 25 deaths

Mean age 30 years; range 17–53

76% male

Race not reported

Methadone: mean

dose not reported

92% (23/25) died from polydrug toxicity

44% (11/25) died with alcohol

53% (13/25) died with benzodiazepines

50% (13/25) of these were taking

methadone for pain

14% (4/25) of these were in MMT

40% (10/25) injected methadone prior

to death

Not rated

Ward, 2001104 Case series Opioid-related deaths examined

by the medical examiner

n = 84 (45 methadone-related deaths; 15

prescribed methadone)

Mean age 30 years

93% male

Race not reported

$2 drugs on toxicologic analysis (n = 73,

87%)

Methadone: mean

dose not reported

Presence of methadone or morphine

86% (72/84)

Presence of other opioids 17% (14/84)

Presence of benzodiazepines 62% (51/84)

Presence of 2 or more drugs 87% (73/84)

Not rated
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Table 6. Continued

AUTHOR, YEAR STUDY DESIGN INCLUSION CRITERIA POPULATION CHARACTERISTICS INTERVENTIONS RESULTS QUALITY

Weimer, 2011106 Case series All deaths where methadone was

found on the toxicology at death

n = 203

Mean age 36 years

64% male

95% white

54% history of substance abuse

61% died of polysubstance overdose

Methadone: mean

dose not reported

Methadone source:

67% (41/61) obtained illicitly

28% (17/61) prescribed by a physician

for analgesia

5% (3/61) obtained from an OTP

Prescribedmethadone vs illicit source: older

age, OR 1.16 (CI 1.06–1.26)

Antidepressant use, OR 8.78 (CI 2.3–33.2)

Illicit methadone vs prescription or MMT

source: younger age, OR .92 (CI .86–.97)

Less likely to have antidepressants, OR .17

(CI .05–.61)

Not rated

Williamson, 1997107 Case series Decedents with methadone in

toxicologic analyses at death

and cause of death drug overdose

n = 47

Mean age 30 years

64% male

Race not reported

36% prescribed methadone tablets for

pain; 19% MMT

Methadone: mean

dose not reported

Mortality, methadone for pain vs MMT: RR

7.29 (95% CI 2.15–31.48)

Not rated

Zador, 2002111 Case series Deaths with methadone in blood

at autopsy

n = 87 (methadone tablet deaths n = 16,

methadone syrup deaths n = 63)

Mean age 38 years

53% male

Methadone syrup deaths:

Mean age 32 years

76% male

Race not reported

Methadone: mean

dose not reported

Methadone tablet deaths:

29% (5/16) suicide death

47% (8/16) died of drug-related causes

24%(4/16)diedofmedically relatedcauses

75% (12/16) history of chronic pain

Methadone syrup deaths:

78% (49/63) died of drug-related causes

11% (7/63) died of trauma

2% (1/63) died of medically related

causes

5% (3/63) died of a combination of

causes

54% (47/87) were enrolled in

methadone maintenance

Mortality: methadone maintenance 72%

(34/47)

15% (7/47) deaths during induction

(first 7 days)

86% (6/7) of induction deaths were

drug-related

Overall mortality rate during induction 8.6

deaths/10,000 inductions (95%

CI 2.2–15.0)

Not rated

Abbreviations: AHR, adjusted HR; AOR, adjusted OR; ARR, adjusted RR; MMT, methadone maintenance treatment; OR, odds ratio.
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Table 7. Risk Factors for Adverse Cardiovascular Events and ECG Changes With Methadone Use

AUTHOR, YEAR STUDY DESIGN INCLUSION CRITERIA POPULATION CHARACTERISTICS INTERVENTIONS RESULTS QUALITY

Chang, 201212 Before-after Methadone maintenance with opioids

addiction >1 year

n = 150

Mean age 37 years

16% female

Race not reported (study conducted

in China)

Oral methadone: mean

dose 40 mg/day

Methadone-QTc correlation significant

in males (r = .210, P = .001) but not

females (r = .164, P = .23)

Fair

Cruciani, 200520 Cross-sectional Adults receiving $20 mg/day for more

than 2 weeks

n = 104

Mean age 45 years

61% male

82% white, 14% black, 5% other

History of CHF, CAD, or MI: 7%;

probable or definite high risk for QTc

prolongation: 24%; possible or

probable risk for TdP: 14%; drugs

interacting with methadone: 29%;

antidepressants, 35%;

antiretrovirals, 17%; antimicrobials,

18%

Oral methadone: mean

dose 110 mg/day

Relationship between dose and QTc

significant for methadone dose and

male sex (Spearman rho = .60;

P = .01, d = 1.5)

Fair

Ehret, 200624 Cross- sectional Active or former injection drug users

hospitalized between January 1999

and December 2003

n = 167

Mean age 37 years

66% male

Race not reported

28% HIV, 28% HBV, 29% HCV

Methadone: 4–300 mg/day;

median dose 100 mg/day

Nonuse

TdP vs no TdP

Increased risk based on number of

concomitant medications = 9 vs 4

Fair

Fareed, 201329 Case series Methadone maintenance, treated at

clinic for at least 6 months

n = 55

Mean age 56 years

7% female

64% nonwhite

Oral methadone: mean

dose 90 mg/day

Factors associated with QTc >500 ms

were CHF diagnosis (P = .04),

HbA1c >6 (P = .05), and recent

cocaine use (P = .03)

Not rated

Justo, 200647 Case series Not reported n = 40

Mean age 40 years (range:

20–60 years)

Gender not reported

Race not reported

Methadone: mean

dose 231 mg/day

(range: 60–1,000 mg/day)

High-dose methadone was the most

common risk factor for TdP,

accounting for 98% (39/40)

Second most common risk factor being

concomitant use of agents that

increase serum methadone levels

inhibiting liver metabolism or those

that trigger TdP, accounting for 55%

(22/40)

Not rated
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Table 7. Continued

AUTHOR, YEAR STUDY DESIGN INCLUSION CRITERIA POPULATION CHARACTERISTICS INTERVENTIONS RESULTS QUALITY

Krantz, 200353 Case series Inclusion: use of methadone, QTc > 500

ms in the setting of polymorphic

ventricular tachycardia

Exclusion: congenital long QT

syndrome, inadequate

documentation of arrhythmia

n = 17

Mean age 49 years

41% male

Race not reported

Methadone: 283–387 mg Mean QTc interval was 615 1 77 m

Mean heart rate 64 1 15 beats/minute

41% (7/17) hypokalemia

53% (9/17) receiving potential QT-

prolonging drugs

18% (3/17) had structural heart disease

82% (14/17) had 1 potential risk factor

for arrhythmia

35% (6/17) patients had their

methadone dose increased within

1 month prior to QT prolongation

41% (7/17) patients had been receiving

methadone therapy for 3 or fewer

months

Not rated

Martell, 200562 Prospective cohort

(before-after)

Age >18 years with opioid addiction

duration of at least 1 year and at least

1 previous attempt at detoxification

n = 160

Mean age 43 years

63% male

Race not reported

52% HCV

23% HIV

Methadone: mean dose,

6 months 80 mg qd

(range 20–120 mg);

mean dose, 12 months

90 mg qd (range

20–200 mg)

Methadone use, baseline (n = 160) vs

6 months (n = 149)

Variables predictive of QTc prolongation

in multivariate analysis: methadone

use, male gender, HIV positive

Fair

Pearson, 200582 Case series All methadone-associated adverse

events reported to the FDA from

1969 to October 2002

n = 59

Mean age 46 years (age not

reported in 5 cases)

39% male

Race not reported

Methadone: mean

dose 410 mg (dose

not reported in 17 cases)

49% of cases had at least 1 risk factor

for QTc prolongation or torsades de

pointes other than methadone use

Not rated

Roy, 201290 Case series Stable methadone maintenance for

>3 months

n = 180

Mean age 33 years

31% female

Race not reported

Oral methadone: mean

dose 80 mg/day

No association between QTc

prolongation and presence of

cocaine metabolites in urine (P = .13)

Poor

Stallvik, 201396 Cohort OMT patients on methadone in Norway n = 45

Mean age 36 years

Race not reported

Oral methadone: mean

dose 88–96 mg/day

QTc interval associated with serum

potassium concentration (P = .04),

no association with female sex

Fair

Viewig, 2013103 Review of

case reports

Case reports of methadone and TdP

published before January 2012

n = 31

Mean age: 45 years

61% male

Race not reported

Methadone: mean

dose 265 mg (dose

not reported in 2 cases)

77% of cases had multiple risk factors

for QTc prolongation or TdP other

than methadone use

Not rated

Wedam et al, 2007105

Other publications:

Johnson, 200045

Randomized

controlled trial

Age 21–55 years; DSM-IV opioid

dependent; evidence of recent

opioid use on toxicologic screen

n = 165

Mean age 36 years

62% male

60% nonwhite (not described)

Mean heart rate 64 beats/minute

Methadone: 60–100 mg

Buprenorphine: 16–32 mg

Levomethadyl: 75–155 mg

No association between sex and

magnitude of QTc interval changes

Fair

Abbreviations: CHF, congestive heart failure; CAD, coronary artery disease; DSM-IV,Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; HbA1c, hemoglobin A1c; HBV, hepatitis B virus; HCV, hepatitis C virus; MI, myocardial

infarction; OMT, oral methadone treatment; TdP, torsades de pointes.

3
5
6

T
h
e
Jo
u
rn
a
l
o
f
P
a
in

System
atic

R
eview

o
n
M
eth

ad
o
n
e
H
arm

s



Table 8. Summary of Evidence

OUTCOMES NUMBER AND TYPE OF STUDIES SUMMARY OF FINDINGS LIMITATIONS PRECISION CONSISTENCY

STRENGTH OF

EVIDENCE

Adverse events: methadone use vs nonuse

Mortality and overdose 9 studies: 1 SR (including

4 RCTs); 4 observational

studies

Methadonemaintenance therapy was associated with

a trend toward lower risk of all-cause mortality in a

systematic review of 4 RCTs (pooled RR .48, CI .10–

2.4). A significantly higher proportion of cases of

sudden death in methadone users was associated

with no structural heart abnormalities compared to

sudden death in nonmethadone users (77% vs

40%, P = .003), but the study had methodologic

shortcomings.

Risk estimates from RCTs were imp cise;

studies did not distinguish death

related to prescribed methadone

use from deaths related to other

causes; lack of adjustment for

confounders in observational stu ies

Imprecise Inconsistent Low

Cardiovascular events 2 observational studies One before-after study reported no cases of torsades

de pointes following methadone initiation and 1

fair-quality cross-sectional study found that 4% (6/

167) of methadone users had torsades de pointes

on ECG, with no cases (0/80) in injection drug users

not using methadone.

No RCTs; lack of adjustment for

confounders in observational stu ies

Imprecise Inconsistent Low

ECG changes 19 observational studies The proportion of patients on methadone with QTc

prolongation ranged from 0 to 37% with

methadone use and 0–14%.

Prevalence of QTc prolongation ranged from 0 to

32%, depending on threshold; prevalence of QTc

>500 ms ranged from 0 to 6%.

No RCTs; lack of adjustment for

confounders in observational stu ies;

prevalence data from uncontroll

observational studies used

inconsistent QTc thresholds

Imprecise Consistent Moderate

Adverse events: methadone vs other opioids

Mortality and overdose 12 studies: 6 RCTs; 6

observational studies

Methadone was not associated with increased risk of

mortality compared to other opioids in 2 large

cohort studies.

RCTs of methadone vs other opioids were not

designed to assess mortality and reported few

events. Epidemiologic studies found methadone

associated with higher risk of overdose than other

opioids, but did not evaluate true inception cohorts

of patients prescribed different opioids, used

indirect and surrogate denominators to estimate

risk, and were not designed to distinguish adverse

events associated with prescribed vs illicit use of

opioids.

RCTs were fair or poor quality and

were not powered to evaluate

mortality risk; lack of adjustmen or

confounders in observational stu ies

Imprecise Inconsistent Low

Cardiovascular events 1 observational study One cross-sectional study found a nonstatistically

significant trend toward retrospectively self-

reported syncope with methadone compared to

buprenorphine.

No RCTs; limited evidence from

1 methodologically flawed

observational study

Imprecise Not applicable Low
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Table 8. Continued

OUTCOMES NUMBER AND TYPE OF STUDIES SUMMARY OF FINDINGS LIMITATIONS PRECISION CONSISTENCY

STRENGTH OF

EVIDENCE

ECG changes 4 studies: 1 RCT; 4

observational studies

Methadone for treatment of opioid dependence was

associated with increased risk of variably defined

QTc prolongation compared to buprenorphine.

All studies flawed due to inadequate

reporting methods

Imprecise Some

inconsistency

Moderate

Effects of dose or duration on methadone-associated adverse events

Mortality and overdose 6 observational studies Two studies found no association between higher

methadone dose and risk of mortality, but

were not designed to distinguish deaths

related to methadone use vs deaths due to

vother causes.

Recent initiation or shorter duration ofmethadone use

appeared to be associated with an increased risk of

mortality in 5 observational studies.

No RCTs Imprecise Consistent Dose: Low

Duration:

Moderate

Cardiovascular events

and ECG changes

14 studies: 12 observational

studies; 2 case series

One cross-sectional study found higher doses of

methadone maintenance therapy associated with

increased risk of self-reported syncope. Higher

methadone dose was consistently associated with

greater QTc prolongation in 5 studies after

controlling for other risk factors, accounting for 1–

32%of the observed QTc variability. Two case series

reported high daily methadone doses in patients

with torsades de pointes.

No RCTs Precise Consistent Moderate

Risk factors for methadone-associated adverse events

Mortality and overdose 16 studies: 2 observational

studies; 14 case series

A large, retrospective cohort study of patients on

methadone maintenance therapy found presence

of medical comorbidities, overuse of methadone,

and psychiatric admission associatedwith increased

risk of all-cause mortality and psychiatric admission

and co-prescription of benzodiazepines associated

with increased risk of drug-related deaths. A

smaller cohort study also found history of

psychiatric admissions and benzodiazepines

associated with increased risk of drug-related

mortality. Case series of methadone-related deaths

commonly reported presence of concomitant

benzodiazepines and other medications.

No RCTs or prospective observational

evidence

Precise Consistent Moderate
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Chou, Weimer, and Dana The Journal of Pain 359
231 mg/day47 and 397 mg/day53) in patients prescribed
methadone with torsades de pointes.

Risk Factors for Methadone-Associated
Adverse Events

Mortality and Overdose

A fair-quality retrospective cohort study (n = 2,378) of
patients onmethadonemaintenance therapy found pres-
ence of medical comorbidities, overuse of methadone,
and psychiatric admission to be associated with increased
risk of all-cause mortality and psychiatric admission, and
foundco-prescriptionofbenzodiazepines tobeassociated
with increased risk of drug-related deaths (Table 6).68

Another retrospective study (n = 3,162) of methadone
maintenance patients also found a history of psychiatric
admissions and prescription for benzodiazepines associ-
ated with increased risk of drug-related mortality.19

Fourteen case series reported characteristics associated
with adverse outcomes in persons prescribed metha-
done4,5,7,11,25,32,73,92,93,98,104,106,107,111 (Table 6). Five studies
reported that both benzodiazepines and methadone
were present in blood toxicology in 36 to 67% of metha-
done overdose deaths,11,32,92,98,106 5 studies reported
concomitant use of methadone and multiple prescription
or nonprescription medications in 61 to 92% of
deaths,5,92,98,104,106 and 4 studies reported an illicit source
of methadone in 25 to 67% of overdose deaths.4,98,106,107

Cardiovascular Events and ECG Changes

A fair-quality randomized trial of methadone versus
buprenorphine for treatment of opioid dependence
found no association between sex and magnitude of
QTc interval changes (Table 7).105

Several cross-sectional studies evaluated the association
between various risk factors and risk of QTc interval pro-
longation or torsades in patients prescribed methadone
(Table 7). Although some studies found use of other QTc-
prolonging medications to be associated with increased
risk of QTc interval prolongation in patients prescribed
methadone,24,43 others found no association.20,62 Some
studies also found an association between altered liver
function,24 elevated hemoglobin A1c level,29 congestive
heart failure,29 male sex,12,20,62 hypokalemia,24,96 or use
of cocaine or amphetamines29,66 and increased risk of
QTc interval prolongation in patients prescribed
methadone. In case series of QTc interval prolongation
or torsades de pointes associated with use of
methadone, one-half or more of cases had at least 1 risk
factor forQTc interval prolongationor torsadesdepointes
other than methadone use (eg, interacting medications,
hypokalemia, hypomagnesemia, or structural heart dis-
ease; Table 7).47,53,82,103

Accuracy and Clinical Effects of Baseline
or Follow-Up ECG in Patient Prescribed
Methadone
We identified no study on the accuracy or clinical

effects of performing a baseline or follow-up ECG in
patients prescribed methadone.



360 The Journal of Pain Systematic Review on Methadone Harms
Clinical Effects of Strategies to Mitigate
Risks in Patients With QTc Interval
Prolongation on Methadone
No studies met inclusion criteria. Two case reports and

1 very small (n = 3) case series reported no recurrence of
arrhythmias and normalization of QTc intervals in pa-
tients prescribed methadone with evidence of QTc inter-
val prolongation or ventricular arrhythmias following a
switch to buprenorphine.26,40,52 One of these studies
also reported improvement in prolongation of QTc
interval and no recurrence of arrhythmias in 4 patients
following reduction of methadone dose.40
Discussion
This report summarizes theevidenceon theharms asso-

ciated with use of methadone for chronic pain or for
treatment of opioid dependence, risk factors for those
harms, and methods for predicting, reducing, or miti-
gating harms. Our findings are summarized in Table 8.
Interpreting the evidence on methadone-associated

mortality remainsachallenge. Inpatients treatedforopioid
dependence, evidence fromrandomized trials foundmeth-
adone associated with a nonstatistically significant trend
toward decreased all-cause mortality, suggesting that any
methadone-associatedharmsareoutweighedbybeneficial
effects related to reduction of illicit drug use. For patients
treated with methadone for chronic pain, the evidence is
less clear. Despite marked increases in the numbers of
methadone-related deaths that have been primarily attrib-
uted to increased use of methadone for chronic pain, evi-
dence on methadone and mortality risk in this population
is somewhatcontradictory.Althoughepidemiologic studies
found methadone to be associated with higher mortality
risk than other opioids, such studies were not based on
inception cohorts of patients prescribed methadone, used
surrogate denominators (eg, dispensing or sales rates) to
calculate risk estimates, and were frequently unable to
distinguish deaths associated with prescribed versus illicit
use of methadone or identify the indication for treat-
ment.10,79-81 In addition, in 2 large cohort studies based
on administrative data, either methadone was associated
with lower risk of death compared to morphine or there
was no clear difference in risk between methadone and
other opioids.42,57 In fact, in 1 large study of Veterans
Affairs patients, methadone was associated with lower
risk of mortality than morphine in patients with pain,
after controlling for potential confounders through a
propensity-stratified analysis.57 A potential explanation
for these findings is that in the VA, procedures to manage
methadone more safely may mitigate potential harms,71

rather than methadone’s being ‘‘safer’’ per se. Evidence in-
dicates that risk factors for methadone-associated deaths
include presence of medical or psychiatric comorbidities,
overuse of methadone, concomitant use of benzodiaze-
pines or illicit drugs, and recent initiation of methadone,
suggesting potential targets for risk mitigation strate-
gies.8,39,68

Cardiac arrhythmias have been postulated as a poten-
tial mechanism of methadone-associated mortality.
Although data to estimate the number of deaths in pa-
tients prescribed methadone due to cardiac arrhythmia
are sparse, relative to respiratory depression from acci-
dental overdose it is concluded to be low.1 On the basis
of evidence primarily from observational studies, we
found methadone to be associated with increased risk
of QTc interval prolongation compared to no metha-
done12,24,43,51,55,59,62,91 or to buprenorphine.1,3,27,105 In
most studies, higher methadone doses appeared to be
associated with increased risk for or greater magnitude
of QTc interval prolongation.24,27,48,53,62 Evidence on
the association between various risk factors and
severity of QTc interval prolongation in patients
prescribed methadone was limited, but it suggests an
association with increased dose, use of concomitant
QTc-prolonging medications, presence of heart disease,
liver cirrhosis or renal failure, and electrolyte abnormal-
ities.20,24,29,62,96,103 The clinical importance of the
observed association between methadone use and QTc
interval prolongation is less clear. Although one case-
control study found methadone-associated cases of sud-
den death less likely to be related to structural heart
abnormalities than were other cases of sudden death,
suggesting a causal role of methadone-induced
arrhythmia, the study had methodologic limitations,
including failure to adjust for potential confounders
and potential misclassification of ‘‘therapeutic’’ metha-
done use.15 Prospective studies have been too small to
adequately assess risk of arrhythmia in persons pre-
scribed methadone.27

Evidence on methods for reducing or mitigating risks
associated with methadone is extremely sparse, in part
because of the large samples and follow-up that might
be required to demonstrate beneficial effects on clinical
outcomes. No study evaluated the usefulness of baseline
screening ECGs for predicting adverse cardiovascular
outcomes in patients being started on methadone, or
clinical outcomes associated with use of ECG screening
or monitoring compared to no screening or monitoring.
No study evaluated effects on clinical outcomes of
methods for mitigating risks in persons on methadone
found to have prolonged QTc interval, such as dose re-
ductions or discontinuation of methadone, switching
to alternative opioids, or addressing other factors associ-
ated with QTc interval prolongation. However, this is
true for almost all medications associated with QTc inter-
val prolongation, including those for which ECG moni-
toring is recommended as routine practice.23 In some
cases, medications such as cisapride and terfenadine
were removed from the U.S. market because of concerns
about risk associated with QTc interval prolongation
based on relatively small numbers of cases and very low
estimated event rates.58,108 Some evidence suggests
that (R)-methadone may have less of an effect on QTc
interval prolongation than the racemic (R,S)-
methadone available in the United States, but this form
of methadone is not FDA-approved and was excluded
from this review.67 No study evaluated effects of urine
drug monitoring, use of information from prescription
drug–monitoring programs, different methadone
dosing strategies, or different methods for structuring
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andmonitoring care on risks of adverse events in persons
prescribed methadone. Community-based prevention
programs involving naloxone could reduce risk of over-
dose due to methadone and other opioids, but they
were outside the scope of this review, with supporting
evidence primarily anecdotal and observational.16,97

Our findings are in accordance with other recent sys-
tematic reviews and guidelines on risks associated with
methadone.17,65,78 Strengths of our review are that we
assessed evidence for a number of clinically important
harms, included patients prescribed methadone for
treatment of opioid dependence as well as those
prescribed methadone for chronic pain, and reviewed
evidence from observational studies as well as
randomized trials. We also utilized standardized
methods for grading and synthesizing the evidence. A
limitation of our review is that we excluded non–
English language articles, which could result in
language bias. However, empiric research suggests
that exclusion of non–English language articles does
not tend to result in biased findings in studies of
non–complementary medicine interventions.46,84 In
addition, we had to primarily rely on observational
studies, many with important methodologic
shortcomings, given the lack of randomized trials
addressing the key questions in this review. This is
reflected in the strength of evidence ratings, which
were primarily low, indicating limited certainty in the
conclusions.
Methadone has become widely prescribed for treat-

ment of chronic pain as well as treatment for opioid
dependence. Trends that indicate marked increases in
the absolute number of methadone-associated deaths
and overdoses as well as reports linking methadone
with ECG abnormalities and cardiac arrhythmias have
raised important concerns regarding the safety of meth-
adone, yet many critical research gaps related to harms
remain. Research is urgently needed to better charac-
terize the risks associated with methadone, particularly
in comparison with other opioids, as is research on the
usefulness of methods for predicting and reducing those
risks, the cost-effectiveness of such strategies, and poten-
tial barriers to implementing strategies and their impact
on patient care.
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