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We describe 2 cases of symptomatic ventricular tachycardia

associated with prolonged QT interval. Both patients were

infected with the human immunodeficiency virus and were

receiving treatment with ritonavir-boosted atazanavir and

methadone. Discontinuation of atazanavir in both cases re-

sulted in a reduction in the QT interval and cessation of

arrhythmia. We concluded that atazanavir contributed to

prolonged corrected QT interval and subsequent ventricular

tachycardia.

The HIV type 1 (HIV-1) protease inhibitor atazanavir, phar-

macologically boosted with ritonavir (ATVr), is recommended

in combination with other antiretrovirals as first-line therapy

for HIV-1 infection [1]. ATVr can be used in antiretroviral-

naive patients receiving treatment with methadone, because

ATVr is administered once per day and does not alter meth-

adone concentrations [2].

Both methadone and protease inhibitors have the potential

to prolong the QT interval [3, 4]. To date, there has been only

1 report of torsades de pointes ventricular tachycardia (VT)

being associated with atazanavir [5], and that use of atazanavir

did not include coadministration of methadone. However, little

is known about the effects on the QT interval or the risk of

VT with combined methadone and atazanavir treatment. We

report 2 recent cases of symptomatic VT associated with pro-

longed QT interval in HIV-1–infected patients who had re-

ceived both ATVr and methadone.

Case 1. A 47-year-old HIV-1–infected man, a former in-
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jection drug user, presented to the Mater Misericordiae Uni-

versity Hospital (Dublin, Ireland) in May 2007 with a fractured

humerus sustained during a syncopal episode. He reported that

syncopal episodes occurred several times per week over the

previous months. He received a diagnosis of HIV-1 infection

in 1991 and had been controlling his infection with antiret-

roviral treatment comprising ATVr (300 mg and 100 mg of

atazanavir and ritonavir, respectively, per day), tenofovir (300

mg per day), and emtricitabine (200 mg per day) since 2004

(recent CD4+ T cell count, 379 cells/mL; HIV-1 RNA level, !50

copies/mL). Other medications included methadone (120 mg

per day), flurazepam (30 mg per day), and diazepam (10 mg

3 times per day).

Electrocardiograph at hospital admission revealed prolonged

corrected QT interval (QTc) of 589 ms (figure 1A), and cardiac

telemetry (figure 1B) revealed frequent episodes of sustained

VT that coincided with subsequent syncopal episodes. There

were no electrolyte abnormalities, and the trough atazanavir

level (247 ng/mL) was therapeutic. Antiretroviral and benzo-

diazepine therapy was stopped, but methadone treatment was

continued. Three days later, the QTc had decreased to 521 ms,

with no further episodes of VT. When the patient was dis-

charged from the hospital, methadone treatment was continued

and benzodiazepine therapy was resumed; at follow-up in July

2007, his QTc was 461 ms.

In August 2007, the patient was readmitted to the hospital,

and antiretroviral treatment comprising ritonavir-boosted fos-

amprenavir, tenofovir, and emtricitabine was commenced, with

cardiac monitoring. QTc was unchanged (500 ms before an-

tiretroviral initiation and 480 ms 3 days after antiretroviral

initiation), and there have been no further symptomatic ar-

rythmias. We, therefore, concluded that atazanavir contributed

to prolonged QTc and subsequent VT.

Case 2. A 37-year-old HIV-1–infected man, a former in-

jection drug user, presented to the emergency department at

Mater Misericordiae University Hospital in May 2007 after a

witnessed collapse, which lasted ∼1 min and occurred several

hours after the patient ingested 12 flurazepam tablets (30 mg

each). The patient experienced an additional collapse in the

hospital, during which an electrocardiograph revealed VT, and

the patient underwent emergency electrical cardioversion. A

subsequent electrocardiograph revealed a QTc of 541 ms (figure

1C) that persisted after correction of hypokalemia (potassium

level, 2.7 mmol/L), with a QTc of 521 ms 1 day after

presentation.

The patient had received a diagnosis of HIV-1 infection in



Figure 1. A, Electrocardiograph revealing prolonged QT interval and ventricular tachycardia. B, Cardiac telemetry revealing ventricular tachycardia.
C, Electrocardiograph with prolonged QT interval after electrical cardioversion.
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2001, and his condition had been stable with antiretroviral

therapy comprising ATVr (300 mg and 100 mg of atazanavir

and ritonavir, respectively, per day), abacavir (600 mg per day),

and lamivudine (300 mg per day) since January 2007 (CD4+

T cell count, 432 cells/mL; HIV-1 RNA level, 152 copies/mL).

Other medications included methadone (80 mg per day) and

diazepam (5 mg 3 times per day). All antiretrovirals were dis-

continued (methadone was maintained), and QTc decreased

to 468 ms and 408 ms at 3 and 5 days after admission, re-

spectively. Because the QT interval had returned to normal, we

rechallenged with ATVr, with cardiac monitoring, which re-

sulted in an increase in QTc (mean QTc during 6 days of follow-

up, 431 ms; range, 421–441 ms). We again concluded that

atazanavir contributed to the prolonged QT interval and sub-

sequent VT.

Discussion. Prolongation of the QT interval to 1500 ms

confers increased risk of torsades de pointes VT [6]. These 2

recent cases demonstrate prolonged QTc and life-threatening

VT in HIV-1–infected patients given treatment with ATVr and

methadone. Drug-induced torsades de pointes is caused by

suppression of cardiac myocyte repolarization of potassium

currents, regulated by human ether-a-go-go–related gene

(HERG) ion channels, which are blocked by protease inhibitors

in vitro [3]. High-dose methadone (1200 mL per day) prolongs

the QT interval [4], and atazanavir inhibits the repolarizing

potassium current in vitro [7], although it did not prolong the

QTc in 1 clinical study [8]. Further research is needed to de-

termine the effect of concomitant administration of atazanavir

and methadone on repolarization of the potassium current and

the resultant effects on the QT interval.

In both cases described here, we believe that concomitant

exposure to ATVr and methadone likely contributed to pro-

longed QTc, which resulted in torsades de pointes. In both

cases, discontinuation of ATVr resulted in a significant reduc-

tion of the QT interval; in the second case, the reduction was

to a level that permitted safe rechallenge under close monitoring

and resulted in QT interval prolongation to a level that is

considered to be borderline (431 ms) in an adult male [9].

In contrast to the case of VT described by Ly and Ruiz [5],

which occurred in an elderly patient with congestive cardiac

failure who was undergoing hemodialysis, our 2 cases differ

significantly because they occurred in younger patients receiv-

ing methadone who had normal renal function and no history

of cardiac disease and who would not normally be candidates

for routine cardiac monitoring. Subsequent to these 2 cases, a

third patient from our clinic, who had been prescribed meth-

adone and atazanavir, was admitted to another hospital with a

similar presentation [10]. Although there are important po-

tential confounders, such as a benzodiazepine overdose in our

case 2, we could find no reports of flurazepam affecting the

QT interval. Nevertheless, this number of cases presenting so

close together raises concerns that VT may occur with increas-

ing frequency in patients who are prescribed atazanavir and

methadone, which underlines the urgent need for increased

pharmacovigilance of a population not known for health vig-

ilance and the need for further research into this serious

condition.

Acknowledgments

Potential conflicts of interest. G.S. has received honoraria, research
grants, lecture sponsorships, and advisory board honoraria from Glaxo-
SmithKline, Bristol-Myers Squibb, Abbot, and Jannsen-Cilag. P.W.G.M. has
received honoraria, research grants, lecture sponsorships, and advisory
board honoraria from Bristol-Myers Squibb; Abbott; Merck, Sharp, and
Dohme; Gilead; GlaxoSmithKline; Roche; and Boehringer-Ingelheim. All
other authors: no conflicts.

References

1. Hammer SM, Saag MS, Schechter M, et al. Treatment for adult HIV
infection: 2006 recommendations of the International AIDS Soci-
ety–USA panel. JAMA 2006; 296:827–43.

2. Friedland G, Andrews L, Schreibman T, et al. Lack of an effect of
atazanavir on steady-state pharmacokinetics of methadone in patients
chronically treated for opiate addiction. AIDS 2005; 19:1635–41.

3. Anson BD, Weaver JG, Ackerman MJ, et al. Blockade of HERG channels
by HIV protease inhibitors. Lancet 2005; 365:682–6.

4. Gil M, Sala M, Anguera I, et al. QT prolongation and torsades de
pointes in patients infected with human immunodeficiency virus and
treated with methadone. Am J Cardiol 2003; 92:995–7.

5. Ly T, Ruiz ME. Prolonged QT interval and torsades de pointes asso-
ciated with atazanavir therapy. Clin Infect Dis 2007; 44:e67–8.

6. Priori SG, Schwartz PJ, Napolitano C, et al. Risk stratification in the
long-QT syndrome. N Engl J Med 2003; 348:1866–74.

7. Owens RC Jr, Nolin TD. Reply to Chinello and Petrosillo (letter). Clin
Infect Dis 2007; 44:1389–91.

8. Busti AJ, Tsikouris JP, Peeters MJ, et al. A prospective evaluation of
the effect of atazanavir on the QTc interval and QTc dispersion in
HIV-positive patients. HIV Med 2006; 7:317–22.

9. Goldenberg I, Moss AJ, Zareba W. QT interval: how to measure it and
what is “normal.” J Cardiovasc Electrophysiol 2006; 17:333–6.

10. Falconer M, Molloy D, Ingerhaug J, Barry M. Methadone induced
torsade de pointes in a patient receiving antiretroviral therapy. Ir Med
J 2007; 100:631–2.


