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Description: An independent panel developed cardiac safety rec-
ommendations for physicians prescribing methadone.

Methods: Expert panel members reviewed and discussed the fol-
lowing sources regarding methadone: pertinent English-language
literature identified from MEDLINE and EMBASE searches (1966 to
June 2008), national substance abuse guidelines from the United
States and other countries, information from regulatory authorities,
and physician awareness of adverse cardiac effects.

Recommendation 1 (Disclosure): Clinicians should inform patients
of arrhythmia risk when they prescribe methadone.

Recommendation 2 (Clinical History): Clinicians should ask pa-
tients about any history of structural heart disease, arrhythmia, and
syncope.

Recommendation 3 (Screening): Obtain a pretreatment electro-
cardiogram for all patients to measure the QTc interval and a

follow-up electrocardiogram within 30 days and annually. Addi-
tional electrocardiography is recommended if the methadone dos-
age exceeds 100 mg/d or if patients have unexplained syncope or
seizures.

Recommendation 4 (Risk Stratification): If the QTc interval is
greater than 450 ms but less than 500 ms, discuss the potential
risks and benefits with patients and monitor them more frequently.
If the QTc interval exceeds 500 ms, consider discontinuing or
reducing the methadone dose; eliminating contributing factors,
such as drugs that promote hypokalemia; or using an alternative
therapy.

Recommendation 5 (Drug Interactions): Clinicians should be
aware of interactions between methadone and other drugs that
possess QT interval–prolonging properties or slow the elimination of
methadone.

Ann Intern Med. 2009;150:387-395. www.annals.org
For author affiliations, see end of text.
This article was published at www.annals.org on 20 January 2009.

Editor’s Note: Some members of an expert panel proposed the
recommendations presented in this publication. Two panel
members declined acknowledgment for the publication. This
publication is not a federal guideline. A government agency
has recently forwarded draft recommendations related to QTc
interval screening in methadone treatment for field review
prior to finalization.

Methadone, the most widely used agent for opioid
maintenance, may prolong the rate-corrected QT

interval (QTc) and result in torsade de pointes (1). This
association recently came into focus when the U.S. Food
and Drug Administration (FDA) issued a physician safety
alert regarding increasing deaths and cardiac arrhythmias
(2), which was followed by a manufacturer’s black box
warning (3). The methadone derivative levacetylmethadol
also prolongs the QTc interval; its use requires perfor-
mance of pretreatment electrocardiography (ECG), and it
is no longer actively marketed (4).

Prolongation of the QTc interval is the mandatory
substrate for development of torsade de pointes and is the
most commonly scrutinized pharmacologic adverse effect
evaluated during new drug development and postmarket-
ing surveillance (5, 6). Drug-induced arrhythmia often re-
sults from multiple factors, including hypokalemia; struc-
tural heart disease; hepatic cytochrome P450 inhibitors;
and genetic predisposition, manifested by a prolonged
QTc interval at baseline (7). In a meta-analysis of 1288
patients who received the QT interval–prolonging drug
sotalol, an increased pretreatment QTc interval was the
strongest predictor of arrhythmia (mean QTc interval of
455 ms in those experiencing torsade de pointes versus 428

ms), which occurred in 2% of the overall cohort (8). A
study of the antiarrhythmic drug dofetilide found a 2-fold
increased risk for sudden death if the pretreatment QTc
interval exceeded the upper quartile value of 479 ms, high-
lighting the importance of pretreatment ECG screening for
identifying susceptible patients (9).

Although many drugs prolong the QTc interval, tor-
sade de pointes is associated with fewer drugs and is often
accompanied by predisposing risk factors (10), including
bradycardia (11, 12). Women have a slightly longer QTc
interval than men and are at greater risk for arrhythmia
(13). Proposed thresholds for QTc interval prolongation
have been set as low as 430 ms for men and as high as 470
ms for women (14–16). Despite these varying definitions,
the international regulatory guidance for drug develop-
ment suggests a sex-independent categorical threshold for
QTc interval prolongation of 450 ms (6). A QTc interval
greater than 500 ms is an accepted threshold for significant
arrhythmia risk (17). The paucity of long-term studies of
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QTc interval–prolonging drugs in large populations makes
it difficult to assign a relative risk for arrhythmia, although
a QTc interval greater than 500 ms was associated with a
4-fold increase in syncope or sudden death, presumably
from torsade de pointes, in patients with congenital long
QT syndrome (18). Limitations of QTc interval screening
include selecting a rate-correction formula at extremes of
heart rate, choosing between manual or automated mea-
sures, and the limited predictive value for arrhythmia risk
at the individual level. Despite these limitations, QTc in-
terval screening is the current standard for assessing drug
safety in all domains of medicine: clinical practice, drug
development, and regulatory assessment for drug with-
drawal or manufacturers’ labeling changes (19).

Against this background, an expert panel was con-
vened to address the cardiac effects of methadone. (For a
list of acknowledged members of the expert panel, see the
Appendix, available at www.annals.org.) Because fewer
than half of the physicians surveyed among accredited opi-
oid treatment programs in the United States were aware of
the association between methadone and QTc interval pro-
longation (20), the panel believed a consensus document
was warranted. The objectives were to synthesize available
evidence regarding methadone’s proarrhythmic effects and
formulate a clinical practice guideline, while being mindful
that methadone is a niche medication with few therapeutic
alternatives (21) and is associated with a substantial reduc-
tion in mortality among treated versus untreated heroin
addicts (22).

METHODS

Expert Panel
In May 2003, the Center for Substance Abuse Treat-

ment (CSAT) of the Substance Abuse and Mental Health
Services Administration convened a meeting, “National
Assessment of Methadone-Associated Mortality,” where
preliminary evidence suggesting the proarrhythmic proper-
ties of methadone was presented (23). This meeting recon-
vened on 20 July 2007 as “Methadone Mortality—A Re-
assessment” (24). One recommendation that emerged was
the formation of a multidisciplinary expert panel on the
cardiac effects of methadone. This panel included electro-
physiologists, pain-management specialists, and epidemiol-
ogists. Representatives from the FDA, the National Insti-
tute on Drug Abuse, the American Association for the
Treatment of Opioid Dependence, and the American So-
ciety of Addiction Medicine were also present.

The panel met on 19 and 20 December 2007 and
reviewed selected articles solicited from members before
the meeting. All members disclosed any conflicts of inter-
est. We used a standard consensus decision-making ap-
proach that was inclusive (all key stakeholders were in-
vited), participatory, and solution-oriented. Specifically, we
collectively established the need for a clinical practice
guideline regarding cardiac safety. We then drafted guide-

line recommendations that were iteratively modified and
agreed to on the second day. The committee chair selected
a writing group to perform a more in-depth literature re-
view and craft a guidance document. This manuscript was
circulated in advance of a second expert panel meeting on
15 and 16 July 2008, at which time, participating mem-
bers reviewed, refined, and then approved the recommen-
dations, which were sent to CSAT.

Literature Review
Two reviewers from the writing group with exper-

tise in cardiology and electrophysiology independently
searched MEDLINE and EMBASE (1966 to June 2008)
to identify publications that addressed the cardiac ef-
fects of oral and intravenous methadone. We limited
our searches to English-language articles but not to hu-
mans. We reviewed these articles along with mortality
data retrieved from the aforementioned meetings of the
CSAT, national opioid treatment guidelines from the
United States and other countries, and background ar-
ticles on QTc interval prolongation (Figure). We did
not prespecify critical appraisal criteria, although we
paid particular attention to larger clinical studies in
terms of validity and relevance. We sorted literature ac-
cording to the following topical or study design catego-
ries: experimental (in vitro) data, clinical case series of
QT interval prolongation or torsade de pointes related
to methadone, forensic series, cross-sectional investiga-
tions, and prospective cohort studies or randomized tri-
als. When available, we extracted information regarding
the relationship between methadone dose and cardiac
repolarization. Finally, 2 reviewers independently eval-
uated the association between methadone and both QTc
interval prolongation and torsade de pointes by adapt-
ing a quantitative method for estimating the probability
of adverse drug reactions (25) to assess whether the like-
lihood of direct causation was definite, probable, possi-
ble, or doubtful.

Role of the Funding Source
The CSAT of the Substance Abuse and Mental Health

Services Administration sponsored the 2 expert panel meet-
ings. It had no role in the design, data collection, analysis,
or manuscript preparation. Moreover, the views presented
in this document are those of the authors and other refer-
enced sources. They do not necessarily reflect the views or
policies of the Department of Defense, the CSAT, the
Substance Abuse and Mental Health Services Administra-
tion, or any other part of the U.S. Department of Health
and Human Services.

EVIDENCE LINKING METHADONE WITH QTC INTERVAL

PROLONGATION AND TORSADE DE POINTES

We evaluated published data on the relationship be-
tween oral and intravenous methadone hydrochloride and
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QTc interval prolongation and torsade de pointes. A sum-
mary of that evidence follows.

Experimental
The most common mechanism of drug-induced QT

prolongation and torsade de pointes is blockade of the
human cardiac ether à go-go–related gene (hERG), which
encodes Ikr, the delayed-rectifier potassium ion current
(26). Blockade of this cardiac ion channel prolongs the
terminal portion of the cardiac action potential and causes
delayed repolarization, which manifests as QTc interval
prolongation on the surface ECG. Methadone has been
shown to be a potent inhibitor of the hERG channel, ca-
pable of achieving 50% in vitro inhibitory concentration of
Ikr at approximately 1 to 10 �M (27). The ratio of the
50% in vitro inhibitory concentration of Ikr to maximal
serum concentration, a strong predictor of arrhythmia risk,
is identical for methadone and levacetylmethadol and an
order of magnitude more potent than buprenorphine, an-
other synthetic opioid approved for substance-abuse treat-
ment. Kornick and colleagues (28) observed that intra-
venous methadone is associated with greater QTc interval
prolongation than the oral preparation. This formulation,
which contains 0.5% chlorobutanol as a preservative, re-
sulted in a mean increase in QTc interval from baseline of
41.7 ms (SD, 7.8). The investigators also performed an in
vitro study that demonstrated that chlorobutanol potenti-

ated the impact of methadone on hERG channel blockade,
which may account for the magnitude of the intravenous
formulation’s effect on repolarization (28).

de Vos and colleagues (29) reported peak plasma
methadone levels in the �M range, which would overlap
with concentrations that produce hERG channel blockade
in vitro. A priori prediction of QTc interval effects are
problematic because of interindividual variability in serum
levels for any given dose due to differences in hepatic clear-
ance (30). Specifically, methadone is metabolized by the
cytochrome P450 system, and inhibitors of this enzyme
can markedly increase plasma area-under-curve measure-
ments (31). In addition, 2% of the population have unsus-
pected polymorphisms in the hERG channel gene that may
be associated with increased sensitivity to hERG channel
blockade by methadone or similar compounds (32).

Beyond its effect on cardiac repolarization via block-
ade of hERG channels, methadone has additional proper-
ties that may predispose to development of torsade de
pointes. Risk for torsade de pointes is enhanced in the
setting of bradycardia, and methadone seems to exhibit
negative chronotropic effects through 2 key mechanisms:
calcium-channel antagonism (33, 34) and anticholinester-
ase properties (35–37). This in vitro potential for brady-
cardia has been confirmed clinically (38–40).

Clinical Case Series
In 1973, a series of patients addicted to heroin was

evaluated for predisposing risk factors for sudden cardiac
death (41). The investigators observed QTc interval pro-
longation more commonly among persons with urine tox-
icology documenting the presence of methadone. How-
ever, no scientific evidence had established that methadone
possessed cardiac toxicity, and analysis was limited by the
presence of multiple drugs of abuse in the patients. It was
not until almost 30 years later that a study of a North
American series of 17 patients (1) found an association
between very high doses of methadone and torsade de
pointes. Since then, a growing body of evidence (42–63)
has demonstrated an association between methadone and
QTc interval prolongation and torsade de pointes. Evalu-
ation of these cases suggests that many occurred in the
setting of additional contributing factors and were often
associated with relatively high doses of methadone.

The largest series to date was derived from a search of
the FDA MedWatch system, which identified 59 cases of
QTc interval prolongation or torsade de pointes associated
with methadone (64). Eight percent were fatal, and most
involved dosages of methadone exceeding 100 mg/d. Be-
cause only a fraction of drug-related serious adverse events
are voluntarily reported to FDA MedWatch (65), the
number of arrhythmia episodes attributable to methadone
may be substantially higher. A more recent series described
8 patients receiving methadone maintenance therapy who
presented with aborted sudden death or torsade de pointes
and required implantable cardioverter–defibrillator place-

Figure. Study flow diagram.
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Clinical GuidelinesQTc Interval Screening in Methadone Treatment

www.annals.org 17 March 2009 Annals of Internal Medicine Volume 150 • Number 6 389



ment (66). Patients were receiving high doses of metha-
done (mean, 204 mg/d [SD, 173]) and were followed lon-
gitudinally for a mean of 27 months. Six of 8 patients
continued methadone therapy; 1 died and 3 others re-
ceived shocks for recurrent torsade de pointes. This sug-
gests that patients who experience overt torsade de pointes
are at substantial risk for recurrent arrhythmia if metha-
done therapy is continued.

Forensic Series
In addition to the clinical case series that link metha-

done with arrhythmia, a growing number of medical ex-
aminer investigations (67–70) report unexplained metha-
done-associated deaths. Although it is prescribed much less
frequently than other opioids, methadone seems to be dis-
proportionately involved in opioid-related deaths (71).
Deaths associated with methadone in these autopsy series
have increased over time and have occurred in multiple
geographic regions, thereby providing insight into the
scope and extent of the problem. However, given the in-
herent limitations of autopsy data, these series cannot dis-
tinguish the cause of death as arrhythmic or attributable to
respiratory depression from overdose.

Information has recently emerged on a possible link
between the increasing incidence of sudden death associ-
ated with methadone and its proarrhythmic properties.
Chugh and colleagues (72) found 72 cases of sudden death
over 4 years in which methadone was detectable in serum
and another 106 cases in which it was not. A detailed
cardiac autopsy was performed in 22 patients with thera-
peutic methadone levels of 0.1 to 0.9 mg/L, of whom only
23% had evidence of structural heart disease. By contrast,
most (60%) patients who had sudden death without de-
tectable methadone had structural heart disease. Sudden
death in the absence of detectable cardiac disease is often
attributable to a catastrophic arrhythmia. The critical im-
plication of this study is that methadone is associated with
sudden cardiac death even after elimination of obvious
overdose deaths. It should be emphasized that this study is
only inferential, although its findings are consistent with
methadone’s potent proarrhythmic effects in vitro, the
large number of reported cases of torsade de pointes, and
the likelihood that a small proportion of arrhythmic events
will be fatal (73, 74).

Cross-sectional Data
We found cross-sectional studies comprising 4 ambu-

latory cohorts and 1 inpatient cohort. An analysis of 83
patients receiving methadone maintenance therapy in Italy
(75) noted that most (83%) had a baseline QTc interval
that exceeded the population-expected value based on age
and sex; 2 patients had a QTc interval that exceeded 500
ms. A larger cross-sectional study of 138 patients by Peles
and colleagues (76) observed that 16% had QTc interval
prolongation, defined as greater than 450 ms. All patients
with prolonged QTc interval were receiving methadone
dosages exceeding 120 mg/d. Three (2%) patients had a

QTc interval that exceeded 500 ms. Over 2 years of follow-
up, 2 patients died, both of whom had a QTc interval
greater than 500 ms. Ehret and colleagues (77) retrospec-
tively analyzed 247 hospitalized patients with a history of
intravenous drug use, including 167 patients receiving
long-term methadone therapy. The investigators found
marked QTc prolongation (defined as �500 ms) among
16% of patients who received methadone. In contrast, no
QTc interval measurement exceeded 500 ms among the 80
intravenous drug users not receiving methadone. Factors pre-
dicting QTc interval prolongation according to multivariate
regression analysis included hypokalemia, liver disease, and
concomitant use of hepatic cytochrome P450 inhibitors.

The largest cross-sectional comparative study to date
(78) analyzed 393 patients receiving methadone and 43
patients receiving buprenorphine maintenance therapy in
Copenhagen, Denmark. The investigators observed QTc
interval prolongation (�440 ms) among 32% of patients
who received methadone, whereas no patient who received
buprenorphine had QTc interval prolongation. Similar to
Peles and colleagues’ findings, 8 (2%) patients who re-
ceived methadone had a QTc interval greater than 500 ms
and all were receiving more than 100 mg/d. Similar find-
ings were also documented in a cohort of 104 patients with
chronic pain (79) receiving methadone; 33% had QTc in-
terval prolongation, defined as greater than 430 ms in men
and 450 ms in women.

Prospective and Randomized Trial Data
One small study (80) noted a mean increase in QTc

interval of 20 ms on initiation of methadone treatment. In
the largest prospective cohort study to date, Martell and
colleagues (81) evaluated 167 new entrants into metha-
done maintenance therapy. The investigator who inter-
preted ECGs was blinded to dose and time interval. Oral
methadone induction resulted in a statistically significant
increase in the mean QTc interval of 12.4 ms (SD, 23) at
6 months, which persisted at 12 months. Krantz and col-
leagues (82) observed a similar increase in QT interval
dispersion (9.5 ms [SD, 18.6]), a marker of heterogeneous
cardiac repolarization, from baseline to 6 months among
the study cohort. Two percent of patients exceeded a QTc
threshold of 500 ms at 6 and 12 months.

Wedam and colleagues (83) reported ECG safety data
from a prospective randomized trial that compared the ef-
fect of levacetylmethadol, methadone, and buprenorphine
on the QTc interval. They observed QTc interval prolon-
gation in 23% of patients who received methadone with a
normal QTc interval at baseline. They conservatively de-
fined QTc prolongation as greater than 470 ms in men and
490 ms in women. Of note, 10% of participants had a
QTc interval that exceeded 500 ms during the study. In
addition, the investigators observed progressive QTc inter-
val prolongation from baseline at 4, 8, and 16 weeks.
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Dose Effects on Cardiac Repolarization
As with most QT interval–prolonging drugs, the ef-

fects of methadone on cardiac repolarization are dose-
dependent and evident in case reports as well as cross-
sectional and prospective studies. Methadone dosages
exceeding 100 mg/d have frequently been noted in pub-
lished cases of torsade de pointes, and some case reports
(43, 47, 55) highlight QTc-interval normalization after
methadone discontinuation or dose reduction. Further-
more, many studies, including those of oral and intra-
venous methadone, demonstrate a positive correlation be-
tween dose and delayed cardiac repolarization (28, 75–79,
81, 84) among both addiction treatment and pain manage-
ment cohorts. In Peles and colleagues’ study (76), the cor-
relation achieved statistical significance in the subset of pa-
tients abusing cocaine, which is consistent with a
synergistic effect of methadone and cocaine on hERG
channel blockade (85). In Fanoe and colleagues’ study
(78), the QTc interval increased by 10 ms for every 50-mg
increase in methadone dose, which corresponded to a
higher risk for syncope (odds ratio, 1.2 [CI, 1.1 to 1.4]).

With regard to serum levels, Martell and colleagues
(81) prospectively demonstrated that the increase in QTc
interval from baseline to 12 months after methadone ini-
tiation correlated with both trough and peak serum con-
centrations. Huber and colleagues (86) observed similar
relationships with the methadone derivative levacetylmeth-
adol. Taken in aggregate, the available literature supports a
dose-dependent effect of methadone and levacetylmethadol
on cardiac repolarization (Appendix Table, available at

www.annals.org). This creates a safety–efficacy paradox,
because higher doses of methadone may reduce illicit opi-
oid use (or diminish chronic pain) yet place patients at
greater arrhythmia risk (87). It is important for clinicians
to recognize that sudden cardiac death associated with
methadone has been described at dosages as low as 29
mg/d, which suggests that arrhythmia can occur across a
wide therapeutic range that includes dosages commonly
used in both chronic pain and addiction treatment (64).
This in turn suggests that methadone dosage is just one
consideration with regard to limiting arrhythmia risk.

EXPERT PANEL RECOMMENDATIONS

We judged that available evidence definitely suggests
that both oral and intravenous methadone hydrochloride
cause QTc interval prolongation and torsade de pointes
(Table 1).

We then deliberated and arrived at 5 recommenda-
tions for physicians prescribing methadone (Table 2). We
concluded that arrhythmia risk associated with methadone
is a direct consequence of its effect on cardiac repolariza-
tion. Hence, our recommendations are applicable to patients
either receiving current treatment with methadone or being
considered for initiation of methadone treatment for addic-
tion or pain management. Electrocardiographic screening may
also be performed on an individual basis in patients receiving
methadone with multiple risk factors for QTc prolongation,
including a family history of the long QT syndrome or early
sudden cardiac death or electrolyte depletion, and on initia-
tion of therapy with a cytochrome P450 inhibitor or other

Table 1. Probability Score for the Association of Methadone with QT Prolongation and Torsade de Pointes*

Question QT Prolongation Torsade de Pointes

Answer Score Answer Score

Are there previous conclusive reports on this reaction? Yes† 1 Yes‡ 1
Did the adverse event occur after administration of the drug? Yes† 2 Yes‡ 2
Did the adverse reaction improve when the drug was discontinued? Yes§ 1 Yes� 1
Did the adverse reaction reappear when the drug was readministered? Yes¶ 2 Yes¶ 2
Are there alternative causes (other than the drug) that could on their own

have caused the reaction?
No** 2 No†† 2

Did the reaction reappear when a placebo was given? Don’t know 0 Don’t know 0
Was the drug detected in the blood in concentrations known to be toxic? Yes‡‡ 1 Don’t know 0
Was the reaction more severe when the drug was increased or less severe

when the dose was decreased?
Yes§§ 1 Don’t know 0

Did the patient have a similar reaction when exposed to the same or
similar drug previously?

Yes� � 1 Yes¶ 1

Was the adverse event confirmed by any objective evidence? Yes† 1 Yes‡ 1
Total¶¶ 12/13 10/13

* Adapted from reference 25 with permission of Clinical Pharmacology & Therapeutics.
† References 28, 43–45, 47–50, 52, 53, 57, 58, 62–64, 66, 75–79, 81–84, 95.
‡ References 43–45, 47, 48, 50, 52, 53, 57, 62–64, 66, 77.
§ References 43, 45, 47, 52, 55.
� References 43, 45, 47, 52.
¶ Reference 66.
** References 47, 66, 83.
†† References 47, 66.
‡‡ References 76, 81.
§§ References 28, 75–79, 84.
� � References 58, 66.
¶¶ A score �9 indicates a definite association, 5–8 a probable association, 1–4 a possible association, and 0 a doubtful association.
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QTc interval–prolonging drug, including cocaine. Moreover,
urgent evaluation that includes ECG screening is warranted
for patients receiving methadone who have unexplained syn-
cope or generalized seizures; if marked QTc interval prolon-
gation is documented, torsade de pointes should be suspected.
Panel recommendations are not intended to supplant clinical
judgment or patient preferences and may not apply to patients
with terminal, intractable cancer pain.

OTHER RECOMMENDATIONS AND GUIDELINES

Warnings about the proarrhythmic potential of meth-
adone are catalogued in Thompson’s MICROMEDEX
(available at www.thomsonhc.com) and a Web site (10)
that dynamically archives QTc interval–prolonging drugs.
Although the revised product label for methadone suggests
careful monitoring among patients with prolonged QTc
intervals, it does not specify the form of monitoring.
Thompson’s MICROMEDEX is more declarative and ad-
vises ECG monitoring among patients with cardiac con-
duction abnormalities or those at increased risk; however,
no definition of conduction abnormalities or the popula-
tion at risk is provided.

The Medicines and Healthcare products Regulatory
Agency in the United Kingdom highlights the risk for QT
prolongation with methadone and recommends monitor-
ing patients receiving high dosages (defined as �100 mg/d)
but does not detail the monitoring approach (88). The
United Kingdom guideline on clinical management of
drug misuse and dependence incorporates this approach
and suggests that patients be informed of the reasons for
monitoring if screening is considered (89). The Canadian
Methadone Maintenance Guideline is more specific and
suggests performing ECG when methadone dosages exceed
150 mg/d and repeating ECG when the dosage approaches
180 to 200 mg/d (90). This guideline further proposes
tapering the methadone dose and referring the patient to a

cardiologist if the QTc interval exceeds 470 ms. A recently
published U.S. consensus guideline on parenteral metha-
done use in pain and palliative care (91), which principally
focuses on inpatient therapy, recommends pretreatment
ECG followed by repeated measurement after 24 hours
and again after 4 days, when steady-state levels are
achieved. This consensus document, however, provides no
guidance on risk stratification or subsequent clinical ac-
tions on the basis of the measured QTc interval.

IMPLEMENTATION OF RECOMMENDATIONS

We acknowledge challenges in screening and arrhyth-
mia risk stratification of patients. Identifying clinically rel-
evant QTc interval prolongation remains difficult because
of intraindividual temporal variability, different formulas
for the QTc interval (such as the Bazett versus the Frideri-
cia formula), and difficulty in defining the actual risk for
arrhythmia that a prolonged QTc interval portends for any
given individual. The QTc interval is most often calculated
by using the Bazett formula (92): QTc � QT interval (in
ms) divided by the square root of the preceding RR inter-
val (in seconds). Although this formula is likely to overcor-
rect in the setting of high heart rates (6), it is nonetheless a
reasonable method for screening purposes with the proviso
that patients remain supine for approximately 5 minutes
before ECG acquisition.

We discussed practical considerations for implement-
ing our recommendation. First, to estimate the number of
potential patients in opioid treatment programs who might
be identified by QTc interval screening as being at very
high risk for torsade de pointes (QTc �500 ms), we re-
viewed the 3 available ambulatory cohort studies that fo-
cused solely on opioid treatment programs (76, 78, 81). Of
note, each documented an identical proportion of patients
(2%) in whom the QTc interval exceeded 500 ms, al-
though data from 1 randomized trial (83) suggested a
higher proportion. Assuming that these 3 studies are rep-
resentative of the population receiving methadone mainte-
nance therapy in the United States, we project that approx-
imately 5000 of the 250 000 patients in opioid treatment
programs (93) would exceed this threshold and constitute
the principal target for risk-reduction interventions.

Second, we discussed the question of automated versus
manual interpretation of the QTc interval. Automated
(computer-generated) measurements are more standardized
and probably offer reasonable estimates of arrhythmia risk
because most patients in opioid treatment programs do not
have structural heart disease. In support of this, Martell
and colleagues (81) prospectively evaluated both blinded
manual readings performed by a cardiologist and auto-
mated readings and found essentially identical mean values
for automated and blinded manual QTc measurements
(418 ms [SD, 22] vs. 419 ms [SD, 23]; r � 0.8; P �
0.001). Another cross-sectional study (76) corroborated
this finding: Blinded manual QTc readings performed by a

Table 2. Consensus Recommendations

Recommendation 1 (Disclosure): Clinicians should inform patients of
arrhythmia risk when they prescribe methadone.

Recommendation 2 (Clinical History): Clinicians should ask patients about
any history of structural heart disease, arrhythmia, and syncope.

Recommendation 3 (Screening): Obtain a pretreatment electrocardiogram
for all patients to measure the QTc interval and then a follow-up
electrocardiogram within 30 days and annually. Additional
electrocardiography is recommended if the methadone dosage exceeds
100 mg/d or if patients have unexplained syncope or seizures.

Recommendation 4 (Risk Stratification): If the QTc interval is greater than
450 ms but less than 500 ms, discuss potential risks and benefits with
patients and monitor them more frequently. If the QTc interval exceeds
500 ms, consider discontinuing or reducing the methadone dose;
eliminating contributing factors, such as drugs that promote hypokalemia;
or using an alternative therapy.

Recommendation 5 (Drug Interactions): Clinicians should be aware of
interactions between methadone and other drugs that possess QT
interval–prolonging properties or slow the elimination of methadone.

QTc � rate-corrected QT.
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cardiologist were strongly correlated with the automated
readings (r � 0.997, P � 0.001). Because these data were
derived directly from opioid-dependent populations, we
believe that practitioners may use automated readings as a
screening tool for risk stratification. Practitioners who are
uncertain about whether clinically significant QTc interval
prolongation is present should repeat ECG or have the
tracing interpreted by a cardiologist. Regardless, ECG
screening for QTc interval prolongation does not require
specialty care and has been judged appropriate in primary
care settings (15). Therefore, we deem ECG screening with
risk stratification feasible in opioid treatment programs and
in the treatment of chronic pain in ambulatory and hospi-
tal settings.

SUMMARY

A large body of evidence suggests that oral and intra-
venous methadone is associated with QTc interval prolon-
gation and torsade de pointes. Opioid treatment programs
in the United States are accordingly challenged with inte-
grating cardiac arrhythmia risk assessment into routine care
process without reducing access to vital addiction treat-
ment services. We believe that increased clinical vigilance
will reduce sudden cardiac death among the approximately
250 000 patients receiving methadone in opioid treatment
programs (93) as well as the nearly 720 000 patients receiv-
ing methadone for chronic pain through U.S. retail phar-
macies (94). These recommendations may inform both the
product labeling for methadone as well as practice stan-
dards for opioid treatment programs. Currently, among
patients receiving methadone who develop marked QTc
interval prolongation or torsade de pointes, clinicians have
just 1 FDA-approved alternative therapy (buprenorphine).
However, (R) methadone seems to exhibit less hERG-
channel blockade than standard (R,S) methadone (95). Al-
though currently unavailable in the United States, (R)
methadone could prove to be a safe therapeutic alternative
compared with the standard racemic mixture, pending
larger prospective studies. Nonetheless, with regard to car-
diac arrhythmia risk, standard methadone can be safely
administered as long as the potential for QTc interval pro-
longation is recognized through ECG screening and appro-
priate clinical actions are taken in the presence of QTc
interval prolongation.
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57. Lüthi B, Huttner A, Speck RF, Mueller NJ. Methadone-induced torsade de
pointes after stopping lopinavir-ritonavir. Eur J Clin Microbiol Infect Dis. 2007;
26:367-9. [PMID: 17440756]
58. Ower K, Morley-Forster P, Moulin D. Fluctuating QTc interval in an
asymptomatic patient treated with methadone for chronic pain. J Opioid Manag.
2005;1:73-6. [PMID: 17319250]
59. Porter BO, Coyne PJ, Smith WR. Methadone-related torsades de pointes in
a sickle cell patient treated for chronic pain [Letter]. Am J Hematol. 2005;78:
316-7. [PMID: 15795907]
60. Rademacher S, Dietz R, Haverkamp W. QT prolongation and syncope with
methadone, doxepin, and a beta-blocker [Letter]. Ann Pharmacother. 2005;39:
1762-3. [PMID: 16144878]
61. Decerf JA, Gressens B, Brohet C, Liolios A, Hantson P. Can methadone
prolong the QT interval? [Letter]. Intensive Care Med. 2004;30:1690-1. [PMID:
15185068]
62. Pimentel L, Mayo D. Chronic methadone therapy complicated by torsades
de pointes: a case report. J Emerg Med. 2008;34:287-90. [PMID: 18022786]
63. Almehmi A, Malas AM, Yousufuddin M, Rosencrance JG. Methadone-
induced torsade de pointes in a patient with normal baseline QT interval. W V
Med J. 2004;100:147-8. [PMID: 15471174]
64. Pearson EC, Woosley RL. QT prolongation and torsades de pointes among
methadone users: reports to the FDA spontaneous reporting system. Pharmaco-

Clinical Guidelines QTc Interval Screening in Methadone Treatment

394 17 March 2009 Annals of Internal Medicine Volume 150 • Number 6 www.annals.org



epidemiol Drug Saf. 2005;14:747-53. [PMID: 15918160]
65. Lasser KE, Allen PD, Woolhandler SJ, Himmelstein DU, Wolfe SM, Bor
DH. Timing of new black box warnings and withdrawals for prescription med-
ications. JAMA. 2002;287:2215-20. [PMID: 11980521]
66. Patel AM, Singh JP, Ruskin JN. Role of implantable cardioverter-defibrilla-
tors in patients with methadone-induced long QT syndrome. Am J Cardiol.
2008;101:209-11. [PMID: 18178408]
67. Ballesteros MF, Budnitz DS, Sanford CP, Gilchrist J, Agyekum GA, Butts
J. Increase in deaths due to methadone in North Carolina [Letter]. JAMA. 2003;
290:40. [PMID: 12837709]
68. Sorg MH, Greenwald M. Maine drug-related mortality patterns: 1997–
2002. Augusta, ME: State of Maine Office of Substance Abuse; 2003. Accessed at
www.maine.gov/dhhs/osa/pubs/osa/2003/drugreport.pdf on 12 November 2008.
69. Gagajewski A, Apple FS. Methadone-related deaths in Hennepin County,
Minnesota: 1992-2002. J Forensic Sci. 2003;48:668-71. [PMID: 12762545]
70. Shah N, Lathrop SL, Landen MG. Unintentional methadone-related over-
dose death in New Mexico (USA) and implications for surveillance, 1998-2002.
Addiction. 2005;100:176-88. [PMID: 15679747]
71. Drug Abuse Warning Network. The DAWN Report. Opiate-Related Drug
Misuse Deaths in Six States: 2003. Rockville, MD: Substance Abuse and Mental
Health Services Administration; 2006.
72. Chugh SS, Socoteanu C, Reinier K, Waltz J, Jui J, Gunson K. A commu-
nity-based evaluation of sudden death associated with therapeutic levels of meth-
adone. Am J Med. 2008;121:66-71. [PMID: 18187075]
73. Salle P, Rey JL, Bernasconi P, Quiret JC, Lombaert M. [Torsades de pointe.
Apropos of 60 cases]. Ann Cardiol Angeiol (Paris). 1985;34:381-8. [PMID:
4026164]
74. Milon D, Daubert JC, Saint-Marc C, Gouffault J. [Torsade de pointes.
Apropos of 54 cases]. Ann Fr Anesth Reanim. 1982;1:513-20. [PMID: 7184347]
75. Maremmani I, Pacini M, Cesaroni C, Lovrecic M, Perugi G, Tagliamonte
A. QTc interval prolongation in patients on long-term methadone maintenance
therapy. Eur Addict Res. 2005;11:44-9. [PMID: 15608471]
76. Peles E, Bodner G, Kreek MJ, Rados V, Adelson M. Corrected-QT intervals
as related to methadone dose and serum level in methadone maintenance treat-
ment (MMT) patients: a cross-sectional study. Addiction. 2007;102:289-300.
[PMID: 17222284]
77. Ehret GB, Voide C, Gex-Fabry M, Chabert J, Shah D, Broers B, et al.
Drug-induced long QT syndrome in injection drug users receiving methadone:
high frequency in hospitalized patients and risk factors. Arch Intern Med. 2006;
166:1280-7. [PMID: 16801510]
78. Fanoe S, Hvidt C, Ege P, Jensen GB. Syncope and QT prolongation among
patients treated with methadone for heroin dependence in the city of Copenha-
gen. Heart. 2007;93:1051-5. [PMID: 17344330]
79. Cruciani RA, Sekine R, Homel P, Lussier D, Yap Y, Suzuki Y, et al.
Measurement of QTc in patients receiving chronic methadone therapy. J Pain
Symptom Manage. 2005;29:385-91. [PMID: 15857742]
80. Fredheim OM, Borchgrevink PC, Hegrenaes L, Kaasa S, Dale O, Klepstad

P. Opioid switching from morphine to methadone causes a minor but not clin-
ically significant increase in QTc time: A prospective 9-month follow-up study. J
Pain Symptom Manage. 2006;32:180-5. [PMID: 16877186]
81. Martell BA, Arnsten JH, Krantz MJ, Gourevitch MN. Impact of metha-
done treatment on cardiac repolarization and conduction in opioid users. Am J
Cardiol. 2005;95:915-8. [PMID: 15781034]
82. Krantz MJ, Lowery CM, Martell BA, Gourevitch MN, Arnsten JH. Effects
of methadone on QT-interval dispersion. Pharmacotherapy. 2005;25:1523-9.
[PMID: 16232014]
83. Wedam EF, Bigelow GE, Johnson RE, Nuzzo PA, Haigney MC. QT-
interval effects of methadone, levomethadyl, and buprenorphine in a randomized
trial. Arch Intern Med. 2007;167:2469-75. [PMID: 18071169]
84. Krantz MJ, Kutinsky IB, Robertson AD, Mehler PS. Dose-related effects of
methadone on QT prolongation in a series of patients with torsade de pointes.
Pharmacotherapy. 2003;23:802-5. [PMID: 12820821]
85. Ferreira S, Crumb WJ Jr, Carlton CG, Clarkson CW. Effects of cocaine and
its major metabolites on the HERG-encoded potassium channel. J Pharmacol
Exp Ther. 2001;299:220-6. [PMID: 11561083]
86. Huber A, Ling W, Fradis J, Charuvastra VC. Comparison of the effects of
methadone and LAAM on the electrocardiogram [Abstract]. Drug Alcohol De-
pend. 2001;63:S70.
87. Krantz MJ, Mehler PS. QTc prolongation: methadone’s efficacy-safety par-
adox. Lancet. 2006;368:556-7. [PMID: 16905001]
88. Current Problems in Pharmacovigilance. vol 31. London: Medicines and
Healthcare products Regulatory Agency; May 2006.
89. Department of Health (England) and the devolved administrations. Drug
Misuse and Dependence: UK Guidelines on Clinical Management. London:
Department of Health (England), the Scottish Government, Welsh Assembly
Government, and Northern Ireland Executive; 2007.
90. Methadone Maintenance Guidelines. Toronto, Ontario: Coll of Physicians of
Ontario; 2005.
91. Shaiova L, Berger A, Blinderman CD, Bruera E, Davis MP, Derby S, et al.
Consensus guideline on parenteral methadone use in pain and palliative care.
Palliat Support Care. 2008;6:165-76. [PMID: 18501052]
92. Bazett HC. An analysis of the time-relations of electrocardiograms. Heart.
1920;7:353-70.
93. The DASIS Report. Facilities Operating Opioid Treatment Programs: 2005.
Rockville, MD: Substance Abuse and Mental Health Services Administration
Office of Applied Studies; 2006. Accessed at www.drugabusestatistics.samhsa.gov
/2k6/OTP/OTP.pdf on 12 November 2008.
94. Verispan Total Patient Tracker, Year 2007. Yardley, PA: Verispan; 2008.
From the FDA CDER Office of Surveillance and Epidemiology.
95. Eap CB, Crettol S, Rougier JS, Schläpfer J, Sintra Grilo L, Déglon JJ, et al.
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Appendix Table. Dose-Dependent Effects of Methadone and Levacetylmethadol on the QTc Interval

Compound (Reference) Variables Measured Correlation P Value

Oral methadone (81) Serum trough concentration vs. change in QTc from baseline 0.37 0.008
Oral methadone (77) Dose vs. absolute QTc 0.20 0.01
Oral methadone (84) Dose vs. absolute QTc 0.51 0.03
Oral methadone (79) Log-dose vs. absolute QTc* 0.60 0.01
Oral methadone (75) Dose vs. absolute QTc 0.14 NS
Oral methadone (76) Dose vs. absolute QTc 0.13 0.1
Oral methadone (78) Dose vs. absolute QTc 0.28 �0.001
Intravenous methadone (28) Log-dose vs. absolute QTc NR �0.001
Oral levacetylmethadol (86) Dose vs. change in QTc from baseline 0.32 NR
Oral levacetylmethadol (86) Serum trough concentration vs. change in QTc from baseline 0.47 NR

NR � not reported; NS � nonsignificant; QTc � rate-corrected QT.
* Male patients.
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