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A Twist on Torsade: A Prolonged QT Interval on Methadone
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A woman developed a prolonged QT interval and torsade de pointes

while on methadone treatment for heroin addiction. We think metha-

done, or its impaired metabolism, was the major cause for her pro-

longed QT interval and progression to torsade. However, torsade is

often multifactorial, as was likely so in this case. We advise physicians

treating patients taking methadone to obtain careful medication and

drug-use histories, screen for risk factors associated with long QT

syndrome, counsel patients about potential drug interactions, and

measure the QT interval before and during methadone treatment in

high-risk patients.
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M ethadone is a synthetic opioid used both for the treat-

ment of heroin addiction and for chronic pain. In the

United States, over 180,000 patients are enrolled in metha-

done maintenance treatment programs for heroin addiction

and receive daily methadone.1 Federal regulations have shifted

the responsibility for methadone treatment from the U.S. Food

and Drug Administration to the Center for Substance Abuse

Treatment, which has, in turn, given physicians greater inde-

pendence and flexibility in prescribing methadone.2 While

methadone has proven efficacy in reducing the use of nonpre-

scription opioids and in alleviating pain, it has the potential for

serious adverse effects.

Methadone is independently associated with a prolonged

QT interval and progression to torsade de pointes. Experimen-

tal evidence has shown that methadone has multiple effects on

cardiac function.3 In isolated guinea-pig heart preparations,

methadone potentiates the inotropic response to sympathetic

nerve stimulation and increases the functional refractory pe-

riod. Methadone also decreases the maximum rate of depo-

larization and increases the action potential duration in

Purkinje fibers. All of these effects may serve to prolong the

QT or QTc interval [QTc interval=QT interval divided by the

square root of the preceding R-R interval (in seconds)].

Clinically, several reports have linked high dose metha-

done to a prolonged QT interval and torsade. In a retrospective

case series of 17 methadone-treated patients who developed

torsade, investigators found that a daily dose of methadone

(mean, 397 � 283mg) correlated positively with a prolonged

QTc interval (615 � 77 ms) after the analysis controlled for

variables such as age, presence of structural heart disease,

and presence of hypokalemia.4 Additionally, several case re-

ports have described the development of torsade in patients on

high dose methadone therapy and a shortening of the QT in-

terval with a parallel decrease in methadone dose.5,6 However,

while methadone alone may prolong the QT interval, most re-

ported cases of methadone-associated torsade have involved

other risk factors as well.

We describe a case in which a woman on methadone

maintenance developed a long QT interval and torsade de

pointes. Although this patient had multiple risk factors that

likely contributed to the development of torsade, we believe

that methadone or its impaired metabolism was the major

cause of her arrhythmia. This case report is intended to help

clinicians recognize the risk factors associated with an ac-

quired long QT interval. We believe this report is particularly

timely in light of a recent article that was published in the

Journal of General Internal Medicine that revealed that a sig-

nificant number of health care practitioners cannot correctly

measure the QT interval or identify factors and medications

that may prolong the QT interval.7

CASE REPORT

A 50-year-old woman with a history of intravenous drug use

and HIV infection presented to the emergency department after

experiencing several recent episodes of sudden shaking and

sweating followed by lapses in consciousness. She reported

that she had recently been using heroin and cocaine. Her med-

ications included methadone, 145mg daily, for heroin addic-

tion; tenofovir plus a combined preparation of abacavir,

lamivudine, and zidovudine for HIV infection; alprazolam for

anxiety; and trazodone for sleep.

Physical exam was remarkable for normal mental status,

blood pressure of 142/72mm Hg, pulse of 86beats/min and

regular, no cardiac murmurs, and no signs of heart failure.

Laboratory studies included potassium of 3.2 mmol/L and

magnesium of 1.3 mmol/L. Her electrocardiogram demon-

strated sinus rhythm, a rate of 54 beats/min, and a QTc of

618ms (Fig. 1).

During evaluation in the emergency department, the pa-

tient suddenly lost consciousness and her cardiac rhythm re-

vealed a polymorphic tachycardia identified as torsade de

pointes (Fig. 2). She was treated with intravenous lidocaine

and magnesium with subsequent conversion to sinus rhythm.
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Upon admission to the cardiac care unit, potassium and

magnesium were replaced, alprazolam and trazodone discon-

tinued, and the methadone dosage tapered by 10% daily. De-

spite temporary pacing, electrolyte correction, and labetalol

infusion, the patient experienced several more episodes of tor-

sade throughout her hospitalization, several of which required

cardioversion. Because of methadone’s long half life, which

can extend up to 190 hours, and the patient’s recurrent hemo-

dynamic instability, a dual chamber implantable cardioverter-

defibrillator was placed.8 At the time of the patient’s discharge,

she was receiving methadone at a daily dosage of 30 mg, and

her QTc interval had shortened to 365ms (Fig. 3).

DISCUSSION

Torsade de pointes is a polymorphic ventricular tachycardia

characterized by QRS complexes that vary in axis and ampli-

tude over an isometric line. It is distinguished from other

polymorphic ventricular tachycardias by the presence of a

prolonged QT interval. The genesis of torsade is postulated to

result from derangements in ion flow, which lead to prolonged

action potentials and the generation of spontaneous up-

strokes, resulting in premature ventricular depolarizations.9

Propagation of these premature ventricular depolarizations

may initiate torsade in susceptible patients. Torsade should

be considered in patients presenting with palpitations or a

history of syncope who are found to have a prolonged QT

interval on electrocardiogram.

Methadone, like most drugs that prolong the QT interval,

delays cardiac repolarization by blocking the flow of potassium

ions through human ether-a-go-go-related gene channels

(HERG channels).10 In vitro data have demonstrated that

methadone is a very effective inhibitor of the HERG channel in

human cells transfected with the HERG potassium channel

gene.11 This has been corroborated clinically in a prospective

study measuring serial electrocardiograms on 160 patients

FIGURE 1. Electrocardiogram obtained during initial evaluation. Note the prolonged QTc interval of 618 ms (normal QTc is o460 ms).

FIGURE 2. Rhythm strip demonstrating torsade de pointes.
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before and after starting methadone. At 6 and 12 months after

drug initiation, the mean QTc increased by 12.4 � 23 ms

(Po.001) at 6 months and by 10.7 � 30 ms (Po0.001) at 12

months.12

The case presented here supports previous literature as-

sociating methadone treatment with a prolonged QT interval

and progression to torsade de pointes. We believe that meth-

adone was the main cause for her torsade, as evidenced by a

normalization in her QT interval with a parallel dose reduction

in methadone. However, in addition to methadone, our patient

was taking a variety of drugs that may have impaired the me-

tabolism of methadone and resulted in increased serum levels.

Methadone is metabolized by isoforms 2B6 and 3A4 of the

cytochrome P450 system. Alprazolam, trazodone, and cocaine

are also substrates of the 3A4 isoform.13 It is possible that as

all 4 drugs are substrates of this isoform, the 3A4 isoform may

have become saturated resulting in increased serum metha-

done levels.

As in this case, the etiology of torsade is most often mul-

tifactorial. A multiplicity of risk factors have been identi-

fied.14,15 These include female gender, hypokalemia,

hypomagnesemia, structural heart disease, stroke, brain in-

jury, bradyarrhythmias, and a wide variety of prescribed drugs

and drug interactions. In 2003, when Zeltser et al.16 analyzed

the records of 249 patients who developed torsade while re-

ceiving a QT-prolonging medication, they found that all pa-

tients had at least 1 additional risk factor in addition to the

medication of concern, and that 71% of patients had 2 or more

risk factors. The most common risk factors for torsade are

drugs and drug interactions. The major classes of QT-prolong-

ing drugs are antiarrhythmics, nonsedating antihistamines,

macrolide antibiotics, antidepressants, and antipsycho-

tics.17,18 However, any drug that either delays cardiac repo-

larization or inhibits the metabolism of another drug that

delays cardiac repolarization can increase the risk for torsade.

In a retrospective cohort study of drugs prescribed to about

5 million outpatients, Curtis et al.19 found that nearly 10% of

patients who filled prescriptions for QT-prolonging medica-

tions filled them in conjunction with another medication of

concern, defined as either another QT-prolonging drug or a

medication that inhibits the clearance of a QT-prolonging

drug.

Our patient admitted to using cocaine, which has been

associated with QT prolongation and progression to torsade in

a patient on methadone.20 Cocaine, in conjunction with meth-

adone, may have contributed to the development of her arrhyth-

mia. However, it is unlikely that cocaine alone was the major

cause given its short half life (1 hour) and the patient’s per-

sistent QT prolongation several days after stopping cocaine.21

Another component of the patient’s history that did not

contribute directly to the prolonged QT interval was her HIV

infection. Although HIV infection may lead to cardiovascular

pathology such as myocarditis, cardiomyopathy, or autonomic

neuropathy, HIV infection itself does not prolong the QT inter-

val. And although several protease inhibitors used in highly

active antiretroviral therapy may result in QT prolongation,22

the patient was not taking any of these drugs.

This case highlights the importance of using caution when

treating patients with methadone or any other drug that has

the potential of prolonging the QT interval. Physicians should

obtain a careful medication history, screen for risk factors as-

sociated with long QT syndrome, and counsel the patient

about drug interactions. Additionally, it is wise to consider

performing an electrocardiogram on patients maintained on

methadone who are at high risk for QT prolongation. This in-

cludes patients with a personal or family history of long QT

syndrome, a history of bradyarrythmias or structural heart

disease, or patients taking other drugs that interact with the

CYP3A4 isoenzyme system. Finally, physicians who prescribe

methadone may consider referring their patients to the pa-

tient-education handout from the Annals of Internal Medicine,

which explains torsade de pointes and its association with

methadone.23

We would like to thank Rosanne Granieri, MD, and Edward I.
Curtiss, MD. We acknowledge Sharon Maddox for her editing
expertise.

FIGURE 3. Electrocardiogram after a dose reduction in methadone. Note the normal QTc of 365 ms (normal QTc is o460 ms).
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