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ObjectivesObjectives

Review the evidence that methadone is Review the evidence that methadone is 
associated with excess mortalityassociated with excess mortality
What is QT prolongation and why does it What is QT prolongation and why does it 
promote propromote pro--arrhythmia?arrhythmia?
What is the evidence that methadone is What is the evidence that methadone is 
associated with QT prolongation or proassociated with QT prolongation or pro--
arrhythmia?arrhythmia?
What can be done to mitigate the risks of What can be done to mitigate the risks of 
QT prolongation and proQT prolongation and pro--arrhythmia?arrhythmia?



73% of opioid-related deaths involved methadone 
in 2004



Utah experienceUtah experience

Prescriptions for Prescriptions for 
Methadone rose Methadone rose 
727% over 7 years727% over 7 years
NonNon--suicide deaths suicide deaths 
rose 1770 %rose 1770 %
““largely due to the largely due to the 
treatment of paintreatment of pain””

Journal of Biomedical Journal of Biomedical 
Informatics 2007Informatics 2007



Copyright restrictions may apply.

Hall, A. J. et al. JAMA 2008;300:2613-2620.

Contributory Drugs Involved in Unintentional Pharmaceutical Overdose Fatalities, West Virginia,
2006





Compared to other opiates for painCompared to other opiates for pain

Adverse events of longAdverse events of long--acting acting opioidsopioids in in 
Florida state Medicaid programFlorida state Medicaid program
ER ER oxycodoneoxycodone safestsafest
Methadone highest risk for Methadone highest risk for ““overdoseoverdose”” HR HR 
1.57; 95% CI 1.03 to 2.401.57; 95% CI 1.03 to 2.40 c/wc/w ER ER 
morphinemorphine

Ann Ann PharmacotherPharmacother. 2007 Jun;41(6):921. 2007 Jun;41(6):921--8. 8. 



Sudden Death in the CommunitySudden Death in the Community

*Methadone levels of 0.1-0.9 mg/L

*

72 of 178 sudden deaths had methadone detected in their blood



Why would methadone result in 
sudden death?



Pharmacokinetics
µ-opiate receptor agonist 10 times more 
potent than morphine. Putative NMDA 
antagonist effective in neuropathic pain.

Methadone has t1/2 of 22 hours (range 
4.2 to 130) but analgesic t1/2  4-6 hours

metabolized by CYP3A4 and 2D6; 
increased by cipro, fluconazole, SSRIs
carriers of CYP2B6 allele *6  have higher 
levels

Approximately 90% protein bound but 6-
fold variance between subjects in % free

Dirt cheap.
Therapeutic drug monitoring 1997; Postgrad Med J 2004;80:654–659.



Drugs and ProDrugs and Pro--arrhythmiaarrhythmia
1990 Terfenadine found to cause QT 1990 Terfenadine found to cause QT 
prolongation and torsade de pointes (TdP) in prolongation and torsade de pointes (TdP) in 
presence of metabolic inhibiterpresence of metabolic inhibiter

Monahan BP, JAMA 1990Monahan BP, JAMA 1990
Enhanced FDA scrutiny of QT intervalEnhanced FDA scrutiny of QT interval

surrogate for prosurrogate for pro--arrhythmiaarrhythmia
QT prolongation the most common reason for QT prolongation the most common reason for 
removal of drug from developmentremoval of drug from development



Torsade de pointesTorsade de pointes

““Polymorphic Ventricular tachycardia in Polymorphic Ventricular tachycardia in 
the setting of QT prolongationthe setting of QT prolongation””
““twisting of the pointstwisting of the points””

Prolonged QT with TdP



Copyright ©2009 American Heart Association

Viskin, S. et al. Circulation 2009;119:204-206

Torsade de pointes fortuitously recorded in a 42-year-old woman 
with asymptomatic congenital LQTS



Why do drugs that prolong the QT 
cause TdP?





Belardinelli TIPS 2003



What is the evidence that 
methadone prolongs the QT?



Etiology of QT prolongation and  drugEtiology of QT prolongation and  drug--
induced TdPinduced TdP

TdP invariably associated with blockade of TdP invariably associated with blockade of 
the humanthe human--etherether--aa--gogo--gogo--related gene related gene 
(hERG) associated potassium channel (I(hERG) associated potassium channel (Ikrkr) ) 
cardiac action potential prolongation and cardiac action potential prolongation and 
QT prolongationQT prolongation



Katchman, et al. JPET 2002; 303: 688-694)

Blockade of IKr by methadone in HEK cells 
expressing human channel



IC50 for IhERG and Cmax
Comparison

Katchman, et al. JPET 2002; 303: 688-694)

Oxycodone IC50 171 μM (or possibly ∞) Fanoe et al. BJCP 2009



De Bruin EHJ 2005

Methadone Ratio ETCP/IC50 0.04-0.22



Terfenadine and evil bi-phenyl 
structure



Drug Induced QT prolongation and TdPDrug Induced QT prolongation and TdP
Induction of TdP is multifactorialInduction of TdP is multifactorial
hERG blocking drug hERG blocking drug plusplus

hERG mutation (0.1hERG mutation (0.1--1% of population)1% of population)
PrePre--existing QTc >450 ms associated with SCDexisting QTc >450 ms associated with SCD

Electrolyte disturbancesElectrolyte disturbances-- ↓↓ KK++,, ↓↓ MgMg2+2+

Female genderFemale gender
Inhibition of drug metabolism (CYP3A4 and 2B6)Inhibition of drug metabolism (CYP3A4 and 2B6)
Cardiac IschemiaCardiac Ischemia
Congestive heart failureCongestive heart failure
Liver diseaseLiver disease-- e.g. cirrhosise.g. cirrhosis
Anorexia NervosaAnorexia Nervosa



In vivo In vivo evidence for QT prolongation evidence for QT prolongation 
due to methadonedue to methadone

26 case reports or series reporting QTc 26 case reports or series reporting QTc 
prolongationprolongation
1 RCT1 RCT



Prospective Randomized DataProspective Randomized Data
220 individuals in 17 week RCT comparing LAAM, 220 individuals in 17 week RCT comparing LAAM, 
Methadone and BuprenorphineMethadone and Buprenorphine

Johnson, et al.Johnson, et al. NEJM NEJM 2002: 2002: 
Low dose Methadone groupLow dose Methadone group-- not included due to 80% attrition not included due to 80% attrition 
raterate

Johnson, R. E. et al. N Engl J Med 2000;343:1290-1297



ResultsResults--Group AnalysisGroup Analysis
Odds ratio for reaching preOdds ratio for reaching pre--specified criteria of specified criteria of 
>470/490 >470/490 msec1/2 (normal pre-drug QTc)

Mean QTc change ≥60 msec1/2

12% of Methadone group 
2% of Buprenorphine group
O.R. 8.4 (95% CI 1.9-36.4, p <.001)

OR 95% CI p-value
LAAM vs. Methadone: 1.81 0.76 – 4.34 0.182
LAAM vs. Buprenorphine: 24.53 3.16 – 190.28 0.002
Methadone vs. Buprenorphine: 13.55 1.77 – 103.91 0.012



Unexpected FindingsUnexpected Findings

17.3 msec

5.9 msec

34.3 msec

11.3 msec



RED FLAGRED FLAG

6 of 52 patients (11.5%) with a QTc >500
0% in Buprenorphine0% in Buprenorphine

QTc >500 associated with 4QTc >500 associated with 4--fold risk for SCD fold risk for SCD 
in LQTS Registry compared to QTc 450in LQTS Registry compared to QTc 450



Relationship between QTc and Relationship between QTc and 
TdP with dTdP with d--SotalolSotalol

OnOn--Therapy Therapy 
QTc (ms)QTc (ms)

Incidence of Incidence of 
TdPTdP

Change Change 
Baseline (ms)Baseline (ms)

Incidence of Incidence of 
TdPTdP

<500<500 1.3%(1787)1.3%(1787) <65<65 1.6% 1.6% 
(1516)(1516)

500500--525525 3.4%(236)3.4%(236) 6565--8080 3.2% 3.2% 
(158)(158)

525525--550550 5.6%(125)5.6%(125) 8080--100100 4.1% 4.1% 
(146)(146)

>550>550 10.8%(157)10.8%(157) 100100--130130 5.2% 5.2% 
(115)(115)

( ) # patients ( ) # patients 
assessedassessed >130>130 7.1% (99)7.1% (99)

From BETAPACE®(sotalol hydrochloride) Package Insert- Berlex Laboratories 2001



What is the evidence that 
methadone causes TdP?



In vivo In vivo evidence for TdP due to evidence for TdP due to 
methadonemethadone

15 case reports or series reporting 15 case reports or series reporting TdPTdP
17 episodes of 17 episodes of TdPTdP in high dose methadonein high dose methadone

KrantzKrantz Annals of Intern Med 2002Annals of Intern Med 2002

FDA FDA MedWatchMedWatch system, 43 cases of system, 43 cases of torsadetorsade de de 
pointes associated with methadone; 8% were fatal pointes associated with methadone; 8% were fatal 
and most involved doses of methadone exceeding and most involved doses of methadone exceeding 
100 mg/day.100 mg/day.

Pearson & Pearson & WoosleyWoosley PharmacoepidemiolPharmacoepidemiol Drug Drug SafSaf.. 2005

One series showing recurrent One series showing recurrent TdPTdP after reafter re--challenge challenge 
in patients with implanted defibrillatorsin patients with implanted defibrillators

Patel Patel Am J Am J CardiolCardiol, 2008, 2008



ICD implant for methadoneICD implant for methadone--induced induced 
TdP and continued methadone RxTdP and continued methadone Rx

Three of six had QTc of 450 or greater prior to methadone



Other contributory toxic effects

Methadone associated with sleep apnea
30% had central sleep apnea vs 0% BMI 
matched controls
Higher waking PaCO2

Wang Chest 2005

Sleep apnea associated with significant QT 
prolongation 

Gillis Sleep 1991



Increased Risk for Mortality

Disproportionate incidence during first 14 
days or in subjects not prescribed 
methadone

Caplehorn Drug Alcohol Rev 1998;17,9-17
http://www.dpt.samhsa.gov/medications/methadone
mortality2003/methadone_mortality-13.aspx

May represent increased respiratory suppression 
and/or
TdP more common in early Rx with AAD due to 
lack of induced, compensatory IKs

Roden Circ 2007



Increased Risk for Mortality

Benzodiazepines frequently found in blood
Increased respiratory depression and/or
Benzodiazepines block IKs, may reduce 
repolarization reserve and trigger greater QT 
prolongation during stress or if the QT is 
prolonged

Seebohm Molecular Pharm 2003





SummarySummary

Methadone is increasingly prescribed for Methadone is increasingly prescribed for 
chronic painchronic pain
Mortality rising out of proportion to Mortality rising out of proportion to 
prescriptions prescriptions 

Uniquely potent hERG blockerUniquely potent hERG blocker
Undeniable proarrhythmic effectUndeniable proarrhythmic effect

Buprenorphine, ER oxycodone, and ER Buprenorphine, ER oxycodone, and ER 
morphine have few QT consequences and morphine have few QT consequences and 
appear to have less morbidity appear to have less morbidity 



Consensus RecommendationsConsensus Recommendations
Check baseline Check baseline QTcQTc prior to therapy; discuss prior to therapy; discuss 
history of cardiac diseasehistory of cardiac disease
If If QTcQTc <450, induce after discussion<450, induce after discussion
Repeat Repeat QTcQTc at one month, or if dose >100 at one month, or if dose >100 
mg/daymg/day
QTcQTc >500, consider dose reduction, alternative >500, consider dose reduction, alternative 
therapytherapy
Avoid Avoid hypokalemiahypokalemia, drugs that block CYP3A4, , drugs that block CYP3A4, 
drugs that prolong drugs that prolong QTcQTc

http://www.azcert.org/medicalhttp://www.azcert.org/medical--pros/drugpros/drug--lists/druglists/drug--
lists.cfmlists.cfm

Syncope merits consideration of cardiology Syncope merits consideration of cardiology 
consultationconsultation



What would I do?What would I do?

Do not exceed doses >100 mg/dayDo not exceed doses >100 mg/day
AVOID benzodiazepinesAVOID benzodiazepines
CONSIDER the possibility that methadone CONSIDER the possibility that methadone 
may exacerbate untreated sleep apneamay exacerbate untreated sleep apnea



Measuring the QTMeasuring the QT
QT interval describes the duration of QT interval describes the duration of 
depolarization and repolarizationdepolarization and repolarization
Limb lead IILimb lead II

QTc = QTc = QT/QT/√√RRRR

QT



Suggested QTc Values for Diagnosing QT ProlongationSuggested QTc Values for Diagnosing QT Prolongation

QTc Values (msec) By GenderQTc Values (msec) By Gender

Men          WomenMen          Women
Normal                                         <430            <Normal                                         <430            <450450
Prolonged (top 1%)                      >450            >470Prolonged (top 1%)                      >450            >470
Study Criteria                               >470            >49Study Criteria                               >470            >4900

QTc = QTc = QT/QT/√√RR;  Adapted from  Moss,A J. Am J Cardiol 1993; 72:23BRR;  Adapted from  Moss,A J. Am J Cardiol 1993; 72:23B--25B25B

QT Interval Normal RangesQT Interval Normal Ranges

From the Long QT Syndrome (LQTS) RegistryFrom the Long QT Syndrome (LQTS) Registry



Questions ?Questions ?


