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Introduction
 Methadone is widely used and FDA approved for the detoxifica-
tion and maintenance treatment of opioid dependence. It is a substrate 
of Cytochrome P450 3A4 (CYP3A4), a metabolizing enzyme in the 
liver. Co-administration of this medication with other drugs that af-
fect the function of CYP3A4 can change final outcomes [1-7]. Due 
to fluconazole’s ability to inhibit drug metabolism via this pathway, 
patients treated simultaneously with fluconazole and methadone may 
have clinically relevant increases in systemic methadone concentra-
tions [1-7]. Fortunately, most of these Pharmacokinetic (PK) interac-
tions are not life threatening; however they can have important conse-
quences [2].

Background
 Methadone is a synthetic opioid agonist frequently used in the 
treatment of opioid dependence. However, secondary to the drug’s 
long duration of action, efficacy and low cost, its use in the treat-
ment of chronic pain is increasing. Methadone is a racemic mixture of 
R- and S- methadone; R -methadone is 8-50 times more potent than 
S-methadone and is responsible for most of it’s action. Methadone is 
a mu-opioid receptor agonist and it also binds to kappa and delta opi-
oid receptors. Additional mechanisms of action include inhibiting the 
re-uptake of serotonin and norepinephrine and as an antagonist at the 
N-Methyl-D-Aspartate (NMDA) receptor, thought to prevent central 
sensitization and reduce opioid tolerance.

 Methadone is extensively metabolized, primarily by N-demethyl-
ation to pharmacologically inactive metabolites which are eliminated 
in the urine and feces. Metabolism takes place primarily in the liver, 
with some also occurring in the intestines [1-2]. Methadone has large 
inter-individual variability in its PK, so maintenance doses must be 
individualized; however, usual doses range from 80 to 120mg/day 
when there is no drug-drug interaction involved [6]. The Cytochrome 
P450 (CYP450) enzymes responsible for the metabolism in the liver 
include CYP3A4, 2B6, and 2C19 (primarily) as well as 2C8, 2C9 
and 2D6. The metabolism of methadone is significantly influenced by 
medications that alter the activity of these enzyme systems resulting 
in either increased or decreased methadone metabolism in many cas-
es.

 Even without the influence of interacting medications, the level 
of activity of the 3A4 enzyme varies significantly among individuals  
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Abstract
 Safe medication practice is a multidisciplinary process involving 
physicians, nurses, pharmacists and the patients themselves. Over 
recent years, particularly in health system settings, pharmacists 
have developed specialist roles in medication safety, working with 
colleagues in pharmacy and other professions to identify problems 
with medication use and prevention of errors. In November 2006, the 
Food and Drug Administration issued a public health advisory titled 
“Methadone use for pain control may result in death and life-threat-
ening changes in breathing and heart beat”. The report emphasized 
the importance of clinicians to be mindful of the drug’s ability to 
cause QTc interval prolongation and is a marker for the risk of devel-
oping torsades de pointes, a potentially fatal ventricular arrhythmia. 
Factors associated with QT prolongation include higher methadone 
total daily dose, hypokalemia, low prothrombin level (suggestive of 
reduced liver function) and co-administration of a medication that in-
hibits the CYP3A4 enzyme system which may increase methadone 

serum levels. Methadone’s lipophilicity contributes to unpredictable 
pharmacokinetics with high rates of interpatient variability and unfor-
tunately there is little data to support the development of an accurate 
risk assessment in patients receiving treatment. Despite there being 
a valid and reliable risk assessment tool, there are known risk factors 
for QTc prolongation to be aware of with methadone therapy. Greater 
awareness of the potential for clinically important interactions when 
methadone is taken concomitantly with other drugs is substantial.
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with up to a 30-fold difference in the liver 3A4 enzymes and an 11-
fold difference in the intestinal enzymes [6].

 Fluconazole inhibits the metabolism of methadone in the liver. 
Therefore, it increases the methadone blood concentration and risk 
for methadone-related side effects and toxicity, including CNS de-
pression [2]. In general, the concomitant use of methadone and flu-
conazole should be avoided. However, if concomitant use is required, 
the dose of methadone should generally be decreased and signs of 
methadone side effects should be monitored [5-6]. Due to metha-
done’s long and unpredictable elimination half-life, ranging from 5 
to 130 hours with a mean of about 20-35 hours, fluconazole mediated 
enzyme inhibition may continue for 4 to 10 days on average after 
discontinuation [2-6]. As with any other drug, increased knowledge of 
methadone’s metabolism and potential interactions with other agents 
enables the clinician to use it more safely and effectively and under-
scores the need to be vigilant for such possible interactions [1-7].

 Safe medication practice is a multidisciplinary process involving 
physicians, nurses, pharmacists and the patients themselves. Of all 
the health professionals involved in medication usage, pharmacists 
have the most knowledge about the drugs administered to patients 
both in the hospital as well as ambulatory care clinics. Over recent 
years, particularly in health system settings, pharmacists have devel-
oped specialist roles in medication safety, working with colleagues in 
pharmacy and other professions to identify problems with medication 
use and prevention of errors [8].

 In November 2006, the Food and Drug Administration issued a 
public health advisory titled “Methadone use for pain control may re-
sult in death and life-threatening changes in breathing and heart beat”. 
The report emphasized the importance of clinicians to be mindful of 
the drug’s ability to cause QTc interval prolongation and is a marker 
for the risk of developing torsades de pointes, a potentially fatal ven-
tricular arrhythmia [9]. Factors associated with QT prolongation in-
clude higher methadone total daily dose, hypokalemia, low prothrom-
bin level (suggestive of reduced liver function) and co-administration 
of a medication that inhibits the CYP3A4 enzyme system which may 
increase methadone serum levels [9].

 A normal QTc interval is ≤430 msec for men and ≤450 msec for 
women [10]. Borderline QTc prolongation for men is classified as 
431-450 msec and 451-470 msec for women, while QTc prolonga-
tion is defined as >450 msec for men and >470 msec for women. 
As the QTc interval increases, so does the risk for life-threatening 
arrhythmias such as polymorphic ventricular tachycardia or Torsades 
de Pointes (TdP). The risk of sudden cardiac death increases 4-fold 
when QTc is ≥500 msec [11].

Case Report
 This case involves a 58-year-old male who presented to the Moses 
Division Emergency Department (ED) with a 3 week history of dif-
ficulty swallowing. Past medical history includes HIV (CD4 23cells/
mm3, VL 867, 878copies/mL), noncompliance to antiretroviral ther-
apy secondary to depression, active poly-substance abuse issues in-
cluding cocaine and on methadone maintenance treatment for heroin 
and Chronic Obstructive Pulmonary Disease (COPD). The patient 
reported “feeling food getting stuck in his throat” and “had to drink 
something to get it down”. Vitals on admission were otherwise unre-
markable (Table 1).

 

 Upon admission, according to the Gastrointestinal (GI) team’s 
recommendation, the patient was treated for presumed esophageal 
candidiasis with fluconazole 100mg PO daily for 14 days and was 
considered for an Esophagogastroduodenoscopy (EGD) if symptoms 
persisted. The maintenance dose of methadone, 100mg PO daily, ac-
cording to the patient’s treatment program was continued and base-
line QTc interval reported was 420 msec. The Infectious Disease (ID) 
team was also consulted and suggested 100mg IV fluconazole daily, 
which began on hospital day 2.

 The dysphagia continued to improve, and the patient was mis-
takenly switched back after 3 days of IV to fluconazole 400mg oral 
suspension daily as he felt less retrosternal pain. On hospital day 
5, the patient reported feeling Shortness of Breath (SOB) and had 
decreased O2 saturation at rest (93-94%). Walking O2 saturation de-
creased to 87-88% and he was placed on 2L O2. Arterial Blood Gases 
(ABG) revealed respiratory acidosis (pH 7.353/PaCO2 47.1/PaO2 55/
HCO325.5).

 On hospital day 6, the patient developed an acutely altered mental 
status, with alternating agitation and somnolence as well as confu-
sion, on a non-focal neurological exam. The patient was disoriented 
and restless throughout the day. A stat head computerized tomography 
revealed no acute intracranial pathology. Later that day, it was report-
ed by the clinical pharmacist on medical rounds that the fluconazole 
order was deescalated incorrectly from IV to PO antifungal therapy 
(100mg orally daily should have been prescribed) and that the anti-
fungal agent suppressed  the hepatic metabolism of methadone poten-
tiating its effect. The patient was referred to addiction psychiatry who 
subsequently recommended decreasing the methadone dose to 30mg 
daily and fluconazole was later discontinued.

 Despite furthering respiratory depression and hypotension risks in 
the setting of methadone co-administration, a total dose of 4mg loraz-
epam was administered on hospital day 7 as the patient presented with 
seizures. Subsequent improvement in Electroencephalography (EEG) 
was noted and a lumbar puncture revealed no evidence of acute in-
fection. Levetiracetam 500mg twice daily was later initiated for short 
term seizure prophylaxis again recognizing the potential of a pharma-
codynamic interaction with methadone. Vital signs were monitored 
closely.

 A Magnetic Resonance Imaging (MRI) of the brain later revealed 
pre-existing patchy white matter hypo densities and periventricu-
lar matter confirming the altered mentation was likely secondary 
to methadone toxicity in the setting of a drug-drug interaction and 
not worsening HIV encephalitis. The patient became asymptom-
atic after discontinuation of fluconazole on hospital day 10. His 
mental status slowly improved as the drug concentrations of fluco-
nazole were gradually eliminated and he returned to his baseline of  
100% O2 on room air with clear lungs on day 11. Interestingly, no  

Vital Signs On Admission

Blood Pressure (mmHg) 136/76

Pulse (BPM) 101

Respirations (BPM) 20

Temperature (0F) 98.2

Table 1: Vital signs on admission.
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Electrocardiogram (ECG) changes from baseline were noted through-
out the admission. He was eventually discharged on hospital day 12 
to a nursing home.

Discussion
 Methadone is commonly associated as a culprit for QTc prolon-
gation due to its black box warning and known risk for TdP. The 
concern for this risk arose in 2002 when Krantz and colleagues re-
ported TdP in patients receiving doses of methadone ranging between 
65 and 1000mg per day in a retrospective case series of 17 patients. 
The QTc intervals varied from 522 to 785 msec. Numerous studies 
(case-control, cross-sectional and prospective cohort) have reported 
QTc prolongation since then, however, the rate of TdP remains un-
known [11]. According to Abramson, Quinn and Stern there are many 
cases of QTc prolongation associated with higher doses of methadone 
with concomitant risk factors including lower prothrombin levels, 
electrolyte abnormalities and comorbid use of CYP3A4 inhibitors 
[12]. Methadone doses below 40mg per day were associated with less 
common risk for QTc prolongation. The prevalence of methadone 
prolonging the QT interval at doses within a normal therapeutic range 
is between 16-33% [12]. Currently, there is controversial evidence to 
support that this effect is dose dependent.

 Methadone’s lipophilicity contributes to unpredictable pharmaco-
kinetics with high rates of interpatient variability and unfortunately 
there is little data to support the development of an accurate risk as-
sessment in patients receiving treatment. Despite there being a valid 
and reliable risk assessment tool, there are known risk factors for QTc 
prolongation to be aware of with methadone therapy (Table 2) [12-
14].

 As reported in the case description above, there are several patient 
scenarios where no QT change had occurred with methadone toxic-
ity. Contradictory to this patient case, a large majority of cases do 
not report QTc prolongation prior to methadone overdose. The risk 
assessment is commonly made from a single ECG reading reported at 
the time the patient presents to the emergency department for evalu-
ation. Our patient’s QTc interval was considered normal, <430 msec, 
prior to methadone toxicity. In 75% of reported patient cases associ-
ated with methadone-induced QTc prolongation, the more common 
risk factors present were Drug-Drug Interactions (DDIs), electrolyte 
abnormalities, structural heart disease, and female gender. The av-
erage methadone dose in these cases was listed within a range of 60 
to100mg per day [12]. The only identifiable risk factors associated 
with a greater chance of QTc prolongation for our patient were in-
creased age (>50), HIV infection and a DDI between methadone and 
fluconazole.

 Most studies that did display a positive correlation between dose 
and QTc prolongation reported patients on methadone doses greater 
than 100mg. Vieweg et al., performed a literature review and found 
31 adult cases and one newborn case of methadone-associated QTc 
interval prolongation and/or TdP. Out of the 32 cases, 21 had a cor-
relation between QTc interval prolongation and methadone dose. Out 
of the 21 cases the following similarities were noted: six (28.6%) had 
methadone doses ≥ 200mg, eight (38.1%) had heart disease, seven 
(33.33%) had electrolyte abnormalities, 12 (57.14%) were on either a 
CYP inhibitor or QTc prolonging agent, six (28.6%) had hepatic im-
pairment (all six of these patients experienced QTc prolongation) and 
six (28.6%) had other risk factors (i.e., sinus bradycardia or cocaine 
use). There was an average of 3.19 risk factors per patient case for a 
positive correlation between QT interval prolongation and methadone 
dose [14]. Out of these 32 cases, 11 did not have a correlation between 
QTc interval prolongation and methadone dose. Out of the 11 cases 
the following similarities were noted: seven (63.64%) had doses ≥ 
200mg, three (27.27%) had heart disease, one (9.09%) had electrolyte 
abnormalities, four (36.36%) were on either a CYP inhibitor or QTc 
prolonging agent, zero had hepatic impairment and five (45.45%) had 
other risk factors. There was an average of 1.82 risk factors per pa-
tient case that did not have a positive correction between QT interval 
prolongation and methadone dose. Multiple risk factors, most likely 
three or more, may be associated with a higher likelihood of QT pro-
longation [14].

 There have also been multiple cases (21) of methadone-induced 
TdP without any correlation between QT prolongation and dose. Roy 
et al., also concluded after studying 180 patients (69.1% men) with 
an average QTc of 420.9 ± 21.1 msec and average methadone dose of 
80.4 ± 27.7mg that there was no significant correlation between dose 
and QT interval. Presently, there is not enough evidence to fully state 
whether there is an apparent relationship between methadone dose 
and QT interval prolongation [11,12,14].

 Combination drug therapy is common in patients with human 
or Acquired Immunodeficiency Virus (HIV/AIDS) and opioid de-
pendence [1]. Drug-drug interactions can result in clinical response 
variations following the co-administration of two or more therapeutic 
agents especially in this population [1]. The patient discussed in the 
case description did not experience QTc prolongation with his meth-
adone treatment despite having two defined risk factors. He was pre-
scribed fluconazole, a known CYP inhibitor and had a past medical 
history of uncontrolled HIV infection. Our patient’s methadone dose 

Risk Factors Associated with Greater Chance of QT Prolongation12-15

• Heart Disease
• Congenital long QT syndrome
• Myocardial ischemia
• Cardiomyopathies

Hypertension

Sinus bradycardia

HIV infection (related to drugs prescribed for these patients or to an acquired form of 
Long QT Syndrome (LQTS) arising from the viral infection)

QT interval is a heritable trait

Female gender

Increasing age (>50)

Diurnal variation in the QT interval

Electrolyte disturbance (hypokalemia and hypomagnesemia)

Hypoglycemia

Hypothyroidism

Obesity

Lower prothrombin level

Concomitant use of CYP3A4 inhibitors and/or medications associated with QTc pro-
longation

Hepatic impairment

Cocaine use

Alcohol Use

Table 2: Risk factors associated with greater chance of QT prolongation 
[12-14].
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never exceeded 100mg throughout the hospital stay. However, he did 
experience several toxic methadone manifestations most notably on 
day 5 including altered mental status, hypotension, bradycardia and 
poor respirations (Figures 1-4). This patient case strengthens the no-
tion that the risk of QTc prolongation may be increased when meth-
adone doses are greater than 100mg when multiple risk factors are 
present but not in all instances . Two risk factors to potentially moni-
tor with greater importance in many hospitalized patients include he-
patic impairment, concomitant CYP3A4 inhibitor(s) and the addition 
QTc prolongating agents throughout admission.

 In the literature review conducted by Vieweg et al., those patients 
that experienced QTc prolongation with methadone doses had no di-
rect correlation explaining this prolongation [14]. Despite their pos-
sibly being a positive association between methadone dose and QTc 
prolongation, the clinical significance of this remains uncertain and 
warrants further study. Regardless, methadone can be safely adminis-
tered as long as appropriate monitoring precautions are taken.

Conclusion
 Greater awareness of the potential for clinically important inter-
actions when methadone is taken concomitantly with other drugs is 
substantial. Fortunately, most of these pharmacokinetic interactions 
are not life-threatening if identified and managed appropriately. Per 
the consensus guidelines for therapeutic drug monitoring it is rec-
ommended to obtain methadone levels for safety reasons, however, 
optimal drug levels may vary markedly due to variable levels of phar-
macokinetics and tolerance. Serum methadone levels typically do not 
offer clinical significance but can be beneficial in determining a need 
for a dosage increase or patients needing split daily dosing. There is 
no established toxic level of methadone, however, in general a tar-
get through level of 400-600ng/mL is desired. A serum level was not 
drawn for our patient due to the reasons above [16,17].

 Clinical pharmacists who attend medical rounds have a better 
sense of the patients’ current medical problems and are able to make 
recommendations at the point of prescribing, rather than retrospec-
tively. This has potential patient safety benefits since there are no 
delays in correcting any erroneous errors in medication orders. It 
was acknowledged based on the time-event relationship that a highly 
probable adverse drug event did occur in our patient according to the 
Naranjo algorithm with a score of 9 (Table 3). The clinical stability 
and improvement of objective findings and the temporal association 
between the resolutions of symptomatology following the discontinu-
ation of fluconazole further supports our assumption that a drug inter-
action between the antifungal agent and methadone was more likely 
the cause of the relative overdose.

 Despite the fact that our patient did not experience ECG changes 
throughout the admission and the variable pharmacokinetic clinical 
course of methadone in any given individual, inpatients on methadone 
should obtain a baseline ECG and repeat after either dose escalation 
to an oral methadone dose of 60mg/day, if started on IV methadone 
or when drugs that can increase the risk for QTc prolongation are 
added to a regimen. Stable outpatients should receive a baseline ECG 
before treatment, 30 days after treatment initiation and annually [11]. 
More frequent ECG monitoring should be considered for patients us-
ing ≥60mg/day of oral methadone. In addition an ECG should be ob-
tained immediately in patients with unexplained syncope or seizures 
especially in the suspicion of methadone toxicity [11].
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Figure 1: Average blood pressure throughout hospitalization.

Figure 2: Average body temperature throughout hospitalization.

Figure 3: Average respiration rate throughout hospitalization.

Figure 4: Average pulse rate throughout hospitalization.
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S.No Naranjo’s Algorithm: Determination of Adverse Drug Reaction Probability Yes No Do not know Score

1 Are there previous conclusive reports on this reaction? +1 0 0 +1

2 Did the adverse event occur after the suspected drug was administered? +2 -1 0 +2

3 Did the adverse reaction improve when the drug was discontinued or a specific antagonist was administered? +2 0 0 +2

4 Did the adverse reaction reappear when the drug was re-administered? +2 -1 0 0

5 Are there alternative causes (other than the drug) that could have on their own caused the reaction? -1 +2 0 +2

6 Did the reaction reappear when a placebo was given? -1 +1 0 +1

7 Was the drug detected in the blood (or other fluids) in concentrations known to be toxic? +1 0 0 0

8 Was the reaction more severe when the dose was increased or less severe when the dose was decreased? +1 0 0 0

9 Did the patient have a similar reaction to the same or similar drugs in any previous exposure? +1 0 0 0

10 Was the adverse event confirmed by any objective evidence? +1 0 0 +1

Total Score 9

Table 3: Naranjo’s Algorithm.

Total Score: ≥9 Highly probable, 5-8 Probable, 1-4 Possible, ≤0 Doubtful
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