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Abstract

Methadone (R,S-methadone) can prolong the QT interval. R-methadone

inhibits cardiac potassium channel function less than S-methadone. We tested

if switching from methadone to R-methadone would reduce corrected QT

(QTc) intervals in methadone maintenance treatment (MMT) patients. Nine

patients, with automatically read QTc intervals ≥450 ms, were required to

detect a 20 ms (clinically relevant) reduction in QTc intervals with 15 ms stan-

dard deviation (SD) and 90% power. Nine stabilized MMT patients, using

median (range) 70 (40–120) mg methadone, were included. Data (ECG record-

ings, serum samples, and withdrawal symptoms) were collected both before

drug intake (Cmin) and at 3 h after drug intake (Cmax), and were collected on

the day before the switch from methadone to equipotent R-methadone dose

and at 14 and 28 days after the switch. A cardiologist calculated QTc intervals

retrospectively. Serum electrolytes and methadone concentrations were mea-

sured. Mean QTc intervals at Cmin were 472 ms and 422 ms on methadone

(automatically and manually read) and 414 ms on R-methadone (manually

read). Mean (SD) change in QTc intervals was �8 (10) ms (p = 0.047) at Cmin

but non-significant at Cmax. R-methadone showed a concentration-dependent

relationship with QTc intervals. Switching to R-methadone reduced QTc inter-

vals, but far less than the 20 ms considered clinically relevant.
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1 | INTRODUCTION AND
BACKGROUND

Methadone is a synthetic opioid, used for managing pain
and maintenance treatment in opioid dependence. The
drug is a racemic mixture of R-(laevorotatory) and
S-(dextrorotatory) stereoisomers. R-methadone has
approximately a 10-fold higher binding affinity to opioid
receptors than S-methadone and accounts for most of the
drug’s analgesic and abstinence-relieving properties.1,2

A possible side effect of methadone is prolongation
of the QT interval, which reflects the de- and repolariza-
tion phases of the ventricular myocytes. Methadone
inhibits a channel encoded by the human ether-à-go-go-
related gene (hERG), responsible for the rapid compo-
nent of the delayed rectifier potassium current in the
cardiomyocyte, which causes a delay in cardiac repolari-
zation.3 This inhibition of the hERG channel by metha-
done appears to be concentration-dependent.4,5 QT
interval prolongation puts the heart at risk of developing
a sudden polymorphic ventricular tachyarrhythmia
called Torsades des Pointes (TdP),6 which in turn can
lead to cardiac arrest and sudden death. In vitro,
R-methadone has less inhibitory effect on the hERG
channel compared with S-methadone.7,8

The risk of life-threatening arrhythmias among hospi-
talized patients with acquired long corrected QT (QTc)
intervals >500 ms appears around 4%,9 regardless of cause.
A nearly three-fold increased risk of sudden cardiac death
has been reported among those using non-cardiac QTc
prolonging drugs.10 Roughly 30% of methadone mainte-
nance treatment (MMT) patients may present with pro-
longed QTc intervals >450 ms,11 and severe QTc interval
prolongation (>500 ms) appears to be more common in
MMT patients than in other hospitalized patients,12–14

making the MMT-patient population particularly at risk.
Thus, some guidelines for drug-assisted rehabilitation of
opioid addiction recommend recording an electrocardio-
gram (ECG) when commencing treatment and after dose
stabilization, while others only recommend recording
ECGs in patients with cardiac risk factors or concomitant
use of other QT prolonging drugs.15,16

Among the options for reversing methadone-related
prolonged QT intervals is dose reduction, as there is some
evidence that drug effects on QT intervals are dose-
dependent,11,17,18 or switching to buprenorphine or mor-
phine, which both have little documented effect on the
hERG channel and the QT interval.5,11,13 A third option
is switching to R-methadone,19 thereby avoiding the
S-enantiomer mostly linked to the prolongation.7,8 A
small reduction in the QTc interval has been observed in
a group of MMT patients after switching from methadone
to R-methadone,20 but little is known about the possible

effects of switching among those experiencing prolonged
QTc intervals.

The aims of our study were to investigate if switching
to R-methadone would lead to clinically relevant reduc-
tions in QTc intervals of at least 20 ms21 in MMT patients
with intervals ≥450 ms (automatically read) and to eluci-
date possible relationships between serum methadone
concentrations and QTc intervals. The presence of opioid
withdrawal symptoms22,23 and serum electrolytes levels,
known to affect the QTc interval, were also studied.

2 | MATERIALS AND METHODS

2.1 | Study design

In this clinical study, MMT patients presenting with QTc
intervals ≥450 ms from automatically read ECGs were
switched from methadone to R-methadone, between May
2015 and July 2018. QTc intervals were calculated from
manually read ECGs24 in retrospect, recorded on the day
before and at 14 and 28 days after the switch (Figure 1A).
Nine patients had to be included to detect a clinically rel-
evant reduction in the QTc interval of at least 20 ms21

with a standard deviation (SD) of 15 ms (estimated from
previous studies25,26) and 90% power,27 using a one sam-
ple Student’s t test (mean paired comparison, two sided).

MMT patients were included from the Department of
Substance Use Disorder Treatment at Oslo University
Hospital (OUH). At inclusion, patients had already been
stabilized on the same methadone dose for at least 4 weeks.
Additional inclusion criteria were as follows: 18 years or
older, not pregnant, no ongoing serious untreated psychi-
atric or somatic illnesses, willing to participate at three
separate visits to the research unit, and complying with
daily observed methadone intakes, both before and during
the study period, either at a pharmacy, in the outpatient
clinic, or by a home nurse. Oral liquid solutions of metha-
done and R-methadone were supplied by Dne Pharma
(Oslo, Norway). At initiation of the study, R-methadone
was not a registered drug with marketing approval in
Norway. Levopidon (levomethadone), produced by Dne
Pharma, received marketing approval on 12 June 2018.

Between 7 to 14 days after inclusion, the methadone-
stabilized patients presented at the research unit for their
first visit. The following day, patients received their first
dose of R-methadone, which was half of their original
methadone dose. Patients met again at the research unit
at 14 and 28 days following the switch for their second
and third visits, respectively. The 14-day interval between
the switch and the second visit was set to ensure com-
plete elimination of S-methadone (>10 � methadone’s
half-life of approximately 33 h) from the body. The
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purpose of the third visit was to ensure persisting effects
of the drug change. ECG recordings, heart rate and blood
pressure measurements, Clinical Opioid Withdrawal
Scale (COWS) assessment,28 and blood sampling for bio-
chemical and serum methadone concentration analyses
were performed at each visit before the patient received
their daily methadone dose (at Cmin). These same tests,
except for the biochemical assessments, were repeated
approximately 3 h after drug intake (at Cmax). A urine
sample for drug testing and the current list of drugs (pre-
scribed and non-prescribed) were collected during each
visit. On the first visit, blood was sampled for cytochrome
P450-analyses of relevance to methadone metabolism. At
inclusion, patients’ clinical and family history were
assessed for syncopal/presyncopal tendencies and heart
disease to reveal a possible long QT syndrome (LQTS),29

using a questionnaire developed by the participating
cardiologist.

2.2 | Ethics

This study, registered at ClinicalTrials.gov
(NCT04254731), was approved by the Norwegian
Regional Committee for Medical and Health Research
Ethics South-East (2012/793) and by the Data Protec-
tion Officer at OUH, according to the World Medical
Association Declaration of Helsinki. The study was
conducted in accordance with the Basic & Clinical
Pharmacology & Toxicology policy for experimental
and clinical studies.30 All included patients read and
signed a written consent form before participating in
the study. Included patients were offered to continue
their treatment with R-methadone following their
participation.

2.3 | ECG, heart rate, and blood pressure
recordings

At the research unit, a standard 12-lead ECG was
recorded by a MAC 5500 (GE Medical Systems, USA), at
a speed of 50 mm/s and gain of 10 mm/mV. At inclusion,
different ECG machines were used (results not included).
A participating cardiologist measured the QT interval
and the RR interval in lead V2 on each ECG recording,
blinded and retrospectively, and calculated the QTc inter-
val using Fridericia’s formula17,21,31,32: QTc¼ QTffiffiffiffiffi

RR
3p , with

QT and RR in seconds. The end of the QT interval was
the intersection between the tangent to the steepest
downward slope of the T wave and the isoelectric base-
line. As a control, a second set of QTc interval readings
was performed by another cardiologist. Original

F I GURE 1 (A) Interventional study: nine methadone

maintenance treatment patients, presenting with QTc intervals

≥450 ms, were switched to an equipotent R-methadone dose.

(B) Patient inclusion flow chart [Correction added on 8 February

2024, after first online publication: Figure 1B has been corrected in

this version.].
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readings by the primary cardiologist were used in the
study. Heart rate and blood pressure were recorded using
the Philips IntelliVue MX450 (Royal Philips, Amsterdam,
The Netherlands). For comparison, QTc intervals calcu-
lated using Bazett’s formula are included in the
Supporting Information.

2.4 | Quantification of methadone

Analyses of methadone in serum were performed by a
previously published UHPLC–MS/MS method.25 The
standard range was 100–3000 nmol/L with a linear curve,
r2 = 0.98. Lower limit of quantification in serum was val-
idated at 20 nmol/L. Variation coefficient of imprecision
was less than 12.9% at serum control levels of 20, 150,
700, and 1500 nmol/L. Accuracy at all serum control
levels compared to spiked levels was less than 103%.
Expanded uncertainty with a 95% confidence interval =
2�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
bias2þCV 2

p
was calculated to 26%.

2.5 | Urine drug testing

Urine was sampled from all patients except Patient
4, who had no urine production, and tested for pH, creat-
inine, and the presence of amphetamines,
benzodiazepines, cannabinoids, cocaine, ecstasy, ethanol,
and opioids (opiates, buprenorphine, and methadone),
using the routine drug of abuse screening programme on
Beckman Coulter AU680 (Thermo Fischer, Oslo,
Norway) at the Department of Pharmacology, OUH.

2.6 | Biochemistry and cytochrome P450
testing

Serum was analysed for creatinine (to calculate eGFR),
CRP, troponin T, potassium, magnesium, and total calcium,
using Cobas 8000 modular analyser series (Roche, Oslo,
Norway) at the Department of Medical Biochemistry, OUH.

DNA was isolated from blood by Magna Pure
96 (Roche, Oslo, Norway) and screened for common
polymorphisms in CYP2B6, CYP2C9, CYP2C19, CYP2D6,
and CYP3A4/5 by a routine PCR technique, using Light
Cycle 480 (Roche, Oslo, Norway) at the Department of
Medical Biochemistry and Pharmacology, OUH.

2.7 | Statistics

Microsoft Excel 2016 and IBM SPSS statistics version
29 were used to analyse the data. All values from after

the switch are averages of the second and third visits.
Most data are presented as median and range (minimum
to maximum values) and were tested using related sam-
ples Wilcoxon signed rank test. Individual patient data
from all three visits are also presented (biochemistry and
blood pressure values are in the Supporting Information).
QTc intervals are presented as means with 95% confi-
dence intervals (95% CI) and were tested using mean
paired comparison of a one sample Student’s t test (two
sided). The significance level was p < 0.05. Relationships
between serum drug concentrations and QTc intervals
were assessed by simple linear regression, and squared
correlation coefficients (from Pearson’s correlation coeffi-
cient, r) are reported.

3 | RESULTS

3.1 | Demographic characteristics

In total, 18 MMT patients were considered for the study
(Figure 1B). Nine patients (50% of considered patients)
aged median (range) 49 (38–63) years, counting four
females, and treated with 70 (40–120) mg of methadone,
were included (Tables 1–3). Reasons for the drop-out of
patients are explained in the flowchart. All but one had
CYP polymorphisms, but only Patient 9 had a polymor-
phism considered important for serum methadone
concentrations (homozygous for CYP2B6*6).33 None
reported previous heart-related syncope/presyncope ten-
dencies, but several had experienced syncope related to
illegal drug use. Prescribed drugs remained constant
throughout the study. Illegal drug use varied between
patients but less over time (Table 3). Patient 8 did not
show up for the second visit.

3.2 | Methadone pharmacology,
biochemistry, and cardiovascular variables

Serum methadone concentrations, at Cmin and Cmax, were
significantly reduced after the switch to an equipotent
dose of R-methadone (Table 2). On average, the reduction
at Cmin was 42%. Three patients (2, 6, and 8) presented
with concentrations above the upper reference values at
Cmin,

34–36 both before and after the switch (Tables 2 and
3). No patient reported more than mild opioid withdrawal
symptoms immediately before their next dose, neither
with methadone nor with R-methadone (Tables 2 and 3).
Patients 3 and 4 had kidney failure. Electrolytes, other bio-
chemical values, heart rates, and blood pressures at Cmin

were within reference ranges on group levels before and
after the switch (Table 2). Individual values (Table 3) also
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revealed that most patients’ heart rates were within the
reference range, except for in Patient 2 who had low rates
before the switch.

3.3 | QTc intervals

On methadone (before the switch), mean (95% CI) QTc
intervals at Cmin were 472 (452–492) ms and 422 (408–
436) ms when ECGs were automatically and manually
read, respectively. On average, the automatic QTc inter-
val values were around 10% longer than the manual read-
ings. On R-methadone (after the switch), the mean (95%
CI) QTc interval at Cmin was 414 (398–431) ms (when
manually read). The mean (SD) change in the QTc

interval at Cmin after the switch was �8 (10) ms
(p = 0.047; p = 0.038 with Wilcoxon signed rank test)
(Figure 2). QTc intervals at Cmin were reduced in seven
patients after the switch, with 25 ms in Patient 3 being
the largest individual decrease (Figure 2). The reduction
of 9 (19) ms at Cmax was not significant (p = 0.21).

We found a positive correlation between serum
R-methadone concentrations and QTc intervals at Cmin

(r = 0.796, n = 8, p = 0.018) that was non-significant for
methadone (r = 0.543, n = 8, p = 0.164), when removing
Patient 4 from the group (Figure 3). Using 30 mg of
R-methadone after the switch, Patient 4 presented with a
slightly prolonged QTc interval at Cmin of 458 ms along
with a serum methadone concentration of 262 nmol/L.
This patient had kidney failure and a value outside the

TAB L E 2 Methadone pharmacology, biochemistry, and cardiovascular variables summarized from before and after the switch.

Reference values
On methadone
(n = 9)

On R-methadonea

(n = 9) Pb

Methadone pharmacology

Methadone dose/day (mg) 60–120 mg for methadone
30–60 mg for R-methadone

70 (40–120) 35 (20–60) -

Serum methadone concentration at
Cmin

c (nmol/L)
600–1200 for methadone34,35

300–600 for R-methadoned36
1076 (459–1501) 535 (262–839) 0.008

Serum methadone concentration at
Cmax

e (nmol/L)
400–4056 for methadone37

200–2028 for R-methadoned
1478 (782–2266) 840 (396–1228) 0.008

COWSf at Cmin
c Mild: 5–12

Moderate: 13–24
Moderately severe: 25–36
Severe: >36

4 (0–8) 3 (0–7) 0.52

Biochemistry

eGFRg (ml/min/1.73 m2) >60 101 (5–115) 100 (5–117) 0.30

Potassium (mmol/L) 3.6–4.6 4.3 (3.6–5.6) 4.2 (3.7–4.6) 0.59

Calcium (mmol/L) 2.15–2.51 2.34 (2.04–2.65) 2.21 (2.11–2.46) 0.093

Magnesium (mmol/L) 0.71–0.94 0.82 (0.73–1.50) 0.86 (0.64–1.29) 0.44

Troponin T (ng/L) <14 7 (<5–92) 7 (<5–84) 0.93

CRPh (mg/L) <4 2.6 (<0.6–40.0) 4.6 (<0.6–70.0) 0.33

Cardiovascular variables at Cmin
c

Heart rate (beats per minute) 60–100 70 (54–92) 72 (65–92) 0.12

Systolic blood pressure (mmHg) <140 132 (110–166) 122 (106–182) 0.21

Diastolic blood pressure (mmHg) <90 73 (58–90) 75 (63–112) 0.64

aAverage of second and third visits (day 14 and 28).
bData presented are median (range); compared using related samples Wilcoxon signed rank test, p < 0.05 significance level.
cConcentration measured approximately 24 h after last drug intake (Cmin). In the study by Chalabianloo,35 68% of patients had concentrations between 600 and
1800 nmol/L.
dReference values for R-methadone at Cmin and Cmax are half of those reported for methadone, since the racemic mixture of methadone consisted of 50% of
each enantiomer.
eConcentration measured approximately 3 h after drug intake (Cmax).
fClinical Opioid Withdrawal Scale (COWS).
gEstimated glomerular filtration rate (eGFR) using CKD-EPI formula.
hC-reactive protein (CRP).
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95% CI on the scatterplot and was considered an outlier.
When including Patient 4, no such linear relationship
was found for R-methadone nor methadone at Cmin (data

not presented). There were no positive correlations
between serum drug concentrations and QTc intervals at
Cmax (data not presented).

TAB L E 3 Individual drug doses, drug use, withdrawal symptoms, serum drug concentrations, heart rate, and QTc intervals from before

and after the switch.

Patient
Dosea/day
(mg)

Drug useb

(urine)

Withdrawal
symptoms
(COWSc)

Drug
concentration
(nmol/L)

Heart rate
(bpmf)

QTc intervalg

(ms)

Cmin
d Cmax

e Cmin
d Cmax

e Cmin
d Cmax

e Cmin
d Cmax

e

On methadone (day 0)

1 50 Negative 8 1 582 867 71 68 411 404

2 80 BZD, CNB 7 0 1290 1670 54 45 442 454

3 40 AMP, OPI 1 1 910 1230 69 74 405 413

4 60 Missing 0 0 459 782 64 59 459 489

5 120 CNB, OPI 4 2 697 1336 70 72 414 433

6 70 AMP, BZD, CNB,
OPI

4 2 1451 1828 92 84 431 415

7 80 CNB, OPI 0 0 1076 1478 77 77 404 424

8 100 BZD, CNB 4 2 1501 2266 86 73 418 436

9 60 BZD 0 0 1199 1651 68 67 414 409

On R-methadone (day 14)

1 25 Negative 6 3 383 488 69 73 396 427

2 40 BZD, CNB, OPI 3 1 715 967 65 59 427 430

3 20 BZD, OPI 1 1 495 500 92 83 363 363

4 30 Missing 0 0 312 469 73 62 447 521

5 60 BZD, CNB, OPI 7 3 440 736 71 63 408 409

6 35 BZD, CNB, OPI 6 1 761 1091 89 84 437 425

7 40 BZD, CNB 1 0 897 1117 87 78 405 403

8 50 Missing Missing Missing Missing Missing Missing Missing Missing Missing

9 30 BZD 3 0 520 881 71 65 399 399

On R-methadone (day 28)

1 25 Negative 4 2 386 518 71 73 404 425

2 40 BZD, CNB, OPI 2 0 693 878 64 60 423 408

3 20 AMP, BZD, OPI 3 Missing 458 532 86 85 397 422

4 30 Missing 0 0 212 322 59 65 468 476

5 60 BZD, CNB, OPI 5 2 629 Missing 73 58 405 421

6 35 AMP, BZD, CNB,
OPI

7 1 914 1339 95 89 409 432

7 40 CNB 4 0 540 712 79 78 414 394

8 50 BZD, CNB 7 5 839 1228 76 79 422 423

9 30 BZD, CNB 0 0 522 798 72 65 408 389

aRacemic methadone was given before the switch and R-methadone was given after the switch.
bAmphetamines (AMP), benzodiazepines (BZD), cannabinoids (CNB), cocaine, ecstasy, ethanol, and opioids (OPI).
cClinical Opioid Withdrawal Scale (COWS): mild: 5–12; moderate: 13–24; moderately severe: 25–36; severe: >36.
dConcentrations measured at 24 h after last drug intake (Cmin).
eConcentrations measured at 3 h after drug intake (Cmax).
fBeats per minute.
gMeasured QT interval adjusted for heart rate (Fridericia’s formula).
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4 | DISCUSSION

The QTc interval was reduced by 8 ms at Cmin after
switching to R-methadone in the nine included MMT
patients. All patients tolerated the switch to
R-methadone well during the 4 weeks of treatment
and chose to continue with R-methadone after the end
of the study. The lack of change in opioid withdrawal
symptoms after the switch was as expected, based on a
larger study reporting that the drugs can safely be
exchanged using a dose ratio of 2:1.38 Although some
of the other prescribed drugs may have reduced opioid
withdrawal symptoms,23 their consistent use through-
out the study support that there were no increase in
symptoms.

The reduction observed in the QTc interval is compa-
rable to the finding in a similar study by Ansermot
et al.,20 reporting a mean reduction of 7.8 ms at Cmin in
39 MMT patients. Neither of these studies, however,
demonstrates a clinically relevant reduction in the QTc
interval of 20 ms.21 This clinical criterion is based on a
5%–7% increase in the risk of developing TdP for every
10 ms increase in the QTc interval,39 with a substantial
increase in the risk for every 20 ms increase.21 We can
speculate if switching from higher methadone doses than
70 (40–120) mg used in our study could lead to larger
reductions in the QTc interval.5,17,18

The relationship for R-methadone with QTc intervals
at Cmin was concentration-dependent but not for metha-
done in our study. Several studies have observed that
methadone can increase the QTc interval in both a dose-
and concentration-dependent way, while others have

reported prolongations and TdP across a wide range of
doses.11,18,40 Previous studies have also suggested
concentration-dependent relationships for R-methadone
with QTc intervals.7,41,42 The regression equation from
Figure 3B suggests that increasing R-methadone concen-
trations to twice the upper reference value will prolong
the QTc interval; however, patients should not be treated
with dosages causing such high concentrations.

It is well known that QT intervals can be affected by
several other factors,14,43 such as electrolyte imbalances,
other QT prolonging drugs, female sex, bradycardia, car-
diovascular disease,44,45 and genetic polymorphisms of ion
channels.46 Because MMT patients are a heterogeneous
population, we controlled for other factors affecting the
QT interval. Serum electrolyte values and heart rates were
within their reference ranges and, together with pre-
scribed drug use, did not differ on group levels before and

F I GURE 2 Individual QTc intervals before and after the

switch (n = 9). Patient numbers are provided next to symbols

representing the individual QTc intervals. Intervals were recorded

at Cmin and manually read. Values from after the switch are means

of the second and third visits. *A mean reduction was observed

after the switch.

(A)

(B)

F I GURE 3 Relationships between QTc intervals and serum

methadone concentrations before and after the switch (n = 8).

(A) Methadone, measured before the switch. (B) R-methadone,

measured after the switch. Intervals and concentrations are

measured at Cmin. Values from after the switch are means of the

second and third visits.
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after the switch, ruling out these factors as possible causes
of the small reduction observed in the QTc interval. In
two patients (7 and 8), the QTc interval did not decrease
after the switch for which we found no explanation.

Despite the close follow-up of the patients in this
study, patients misused amphetamines, cannabinoids,
and opiates. Five patients (2, 3, 5, 6, and 7) misused
other opiates at some point during the study period.
Opiates such as morphine, however, are not reported to
affect hERG or the QT interval.5,18 Patients 3 and 6 mis-
used amphetamines before but not after the switch.
There is some evidence that amphetamines can prolong
the QTc interval.47

Three patients (2, 6, and 8) had slightly elevated serum
methadone concentrations at Cmin, both before and after
the switch, which could not be explained by pharmacoki-
netic drug interactions.34,48 Patient 9 was the only patient
homozygous for CYP2B6*6, which can increase metha-
done concentrations.7,33 Using 60 mg of methadone, this
patient had a serum concentration of 1199 nmol/L at Cmin.
Despite also being treated with the antipsychotic drug que-
tiapine, considered a conditional risk factor for TdP,49 this
patient’s QTc intervals at Cmin were only 414 ms before
and 404 ms after the switch.

Seven of the nine patients (2, 3, 4, 5, 6, 8, and 9) had
additional risk factors for QT interval prolongation that
for the most part remained stable throughout the study, a
share that is similar to what has been reported by a large
study from the FDA spontaneous reporting system.50

Patients 3 and 4 had increased troponin T values, which
could indicate cardiac ischemia, but were more likely
caused by severe kidney failure.51 Five patients (2, 3, 5, 6,
and 8) had slight to moderately elevated CRP levels at
some point during the study, indicating inflammation,
which is common in this group of patients.

5 | LIMITATIONS

Only 10 of 18 patients participated in the study, even
though the inclusion period lasted more than 3 years. The
low number of eligible patients was unexpected, as a pre-
vious study showed a much higher prevalence of pro-
longed QTc intervals among MMT patients included from
the same geographic area.13 An explanation for this dis-
crepancy could be that QTc interval prolongation in MMT
patients is actually not as common as previously reported.
In addition to the patients whose prolonged QTc intervals
were normalized during detoxification treatments, two
patients were excluded for medical reasons (Figure 1B).
Because of the low number of patients included in this
study, our results must be interpreted with caution.

Patients were included based on automatically read
QTc intervals from ECGs performed outside the research
unit. Our manually measured QT intervals by the tangent
method resulted in QTc intervals that were approximately
10% shorter than those measured by the machine, which
uses the threshold method (the intersection of the end of
the T wave with the baseline).14,52 When the QTc intervals
were manually read in retrospect, they were not necessar-
ily above 450 ms, showing that QTc intervals should be
based on manual QT interval and RR readings. QT inter-
vals are usually measured in leads II or V5, but among the
included patients, the T waves were often flat and hard to
read in these leads. Lead V2 had the most distinct T waves
and was considered acceptable for use.53 One patient was
excluded from the study due to difficulty with manual
reading of the ECGs because of flat T waves.

We did not consider it necessary to separate the enan-
tiomers when analysing the serum methadone concentra-
tions. Knowing methadone’s half-life, which is between
24 and 33 h in the opioid-tolerant patient,54 only very small
amounts of S-methadone (<1%) were expected to be pre-
sent in plasma 14 days after the last methadone intake.20

The urine drug screening programme used in this study
does not include tramadol. Tramadol is another opioid that
can prolong the QT interval49 and may be used illegally.55

Finally, we cannot exclude that the patients’
participation in the study inherently might also have
contributed to a reduction of the QT interval. The close
follow-up of the patients for several weeks may, for
example, have reduced their use of non-prescribed drugs
or altered other factors that can contribute to prolonged
QT intervals.

6 | CONCLUSIONS

In this interventional study with nine MMT patients,
removal of S-methadone resulted in a small and not clini-
cally relevant reduction in QTc interval. Consistent with
previous reports, this study suggests a risk that supra-
therapeutic R-methadone concentrations can cause pro-
longed QTc intervals.
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