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ABSTRACT
Background:  Methadone is a recommended medication for opioid agonist maintenance 
therapy (OAMT). However, methadone can have cardiac side effects. There is limited South 
African cardiac safety data on methadone.
Objective: To describe baseline and 12-month electrocardiographic (ECG) features and cardiac 
symptomology in people receiving OAMT in Durban, South Africa.
Methods:  Twelve-lead ECGs were conducted at baseline and 12 months. Clinical interviews 
were used to assess cardiac symptomatology. Baseline ECG parameters (PR interval, QRS 
interval, QT and QTc duration, heart rate) were analyzed using descriptive statistics. Baseline 
and 12-month ECG characteristics were compared using paired T-tests in retained participants. 
The association between QTc and methadone dose was assessed using Spearman’s Rho at 
12 months.
Results:  Fifty-three clients (51 men, 2 women [median age 29.0]) were initiated on OAMT. 
Normal baseline ECG variants included 4 (7.5%) with sinus bradycardia and 3 (5.7%) with 
ST segment elevation. Mean baseline ECG intervals were PR interval: 156 ± 23 ms, QRS 
duration: 87 ± 9 ms, QT interval: 404 ± 22 ms and QTc interval: 406.9 ± 21.9 ms. At 12 months, 
39 participants returned for reassessment (mean methadone dose: 37 ± 8 mg in women; 
27 ± 10 mg in men). QTc intervals among male participants increased (406.4 ± 22 to 417 ± 24; 
p = 0.026 [−19.6; −1.4]). No significant correlation (r = 0.22; p = 0.185) between methadone 
dose and QTc interval at 12 months, nor reports of adverse cardiac symptomatology, were 
detected.
Conclusion:  Methadone at the doses provided, caused mild and clinically insignificant QTc 
interval prolongation in men at 12 months. We provide additional cardiac safety data for the 
use of methadone for OAMT among people with opioid use disorder.

Introduction

Globally in 2019, 62 million people used opioids 
(including opiates, pharmaceutical, and synthetic 
opioids) for non-medical use.1 Opioids are 
responsible for four out of five drug-related 
deaths internationally, and contribute to signifi-
cant morbidity, with 70% of the 18 million 
“healthy” years of life lost due to disability and 
premature death in 2019.1

The resolution of opioid use disorder2 is chal-
lenging. The World Health Organization (WHO) 

recommends opioid agonist maintenance therapy 
(OAMT) for the treatment of opioid use disor-
der2,3 and lists methadone as an essential medicine 
for this indication.4 Methadone reduces symptoms 
of opioid withdrawal by acting on opioid receptors 
in the brain and does not produce the euphoric 
effects of other opioids.5 The WHO recommends 
that the average daily methadone dose should be 
between 60 and 120 mg per day. Dosing within 
this therapeutic range results in better client 
retention in treatment than doses <40 
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the treatment of opioid use disorder and are col-
lectively termed medications for opioid use dis-
order (MOUD). Despite recommendations for use, 
access to OAMT remains limited.6,7

Opioids, particularly at high doses, may cause 
sympathomimetic effects.8 The prolongation of 
the cardiac action potential, manifests on the 
electrocardiograph (ECG) as lengthening of the 
QT interval, is a common cardiac side effect of 
opioids.9 Prolongation of the QT interval is a 
marker of risk for the development of polymor-
phic ventricular proarrhythmias, particularly tor-
sades de pointes,5 which can lead to death.10

Prolongation of the QT interval has been 
reported as an adverse effect of methadone in 
several studies,11–13 with most of these studies 
done among clients receiving doses of methadone 
within the therapeutic range of 60–120 mg/day. 
There are discrepant data on the potential cardiac 
risks associated with low dose oral methadone 
(<30 mg/day) in the context of palliative care.14,15 
The clinical significance of QT interval prolon-
gation as well as the need for ECG monitoring 
at low dosing of methadone is not well 
documented.16–18

Evidence-based recommendations developed by 
a panel of experts convened by the Center for 
Substance Abuse Treatment of the United States 
Substance Abuse and Mental Health Services 
Administration recommended baseline, 30 day 
and annual ECG assessments as part of OAMT 
to measure the QTc interval. The panel recom-
mended additional ECG monitoring for clients 
receiving methadone doses exceeding 100 mg/day 
or if clients have unexplained syncope or sei-
zures.19 Routine ECG monitoring is not part of 
WHO OAMT guidelines.4

South African context

There are little data on the prevalence of heroin 
use in South Africa.20 The United Nations Office 
on Drugs and Crime estimates that 0.5% of the 
population between the ages of 15–64 used opi-
oids in 2017.21 Heroin is the most widely used 
opioid in the country and is usually smoked.22,23 
There has been a significant increase (from 16% 
in 2012 to 20% in 2017) in opioid-related admis-
sions to drug treatment centers across South 

Africa.24 Despite the increase in opioid use in 
South Africa, there is limited access to OAMT, 
since OAMT is not available in the public sector, 
and access in the private sector is limited to the 
few who can afford it.20 There are currently no 
national Department of Health guidelines for 
OAMT. The South African Addiction Medicine 
Society’s guidelines for the management of opioid 
use disorder25 recommend ECG assessment and 
monitoring in line with the United States Centre 
for Substance Abuse Treatment panel’s recom-
mendations. The authors did not find published 
data on the arrhythmogenic effects of methadone 
as part of OAMT in the South African context.

This study therefore describes baseline and 
12-month electrocardiographic features and 
demographic and drug using practices of people 
with opioid use disorder2 who participated in an 
OAMT demonstration project in Durban, 
South Africa.

Methodology

Study setting

This analysis is part of a larger study that aimed 
to document quality-of-life changes amongst 53 
people with opioid (heroin) dependence receiv-
ing methadone as part of OAMT over 18 months 
in the eThekwini Municipality, Durban, South 
Africa. The eThekwini municipality is situated 
in KwaZulu-Natal (KZN) and is one of South 
Africa’s nine provinces. The population is 
diverse, with a total of 3,442,358 individuals, 
and a sex ratio of 96 males per 100 females.26 
The most recent statistics indicate that the 
majority of inhabitants come from the African 
community (74%), with 17% of Indian descent, 
7% from the White community, 2% from com-
munity members of mixed descent and 0.4% of 
other nationals. The eThekwini area is industri-
alized with a number of social development 
challenges (e.g., high levels of unemployment, 
poverty, crime and limited access to formal 
housing).26

Most participants in this study were young 
men with most having used heroin for around 
ten years. Most (80%) of the participants smoked 
heroin, and the remainder injected it.22
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Eligibility criteria for the larger study included: 
18 years or older; used heroin for at least 
12 months; high risk opioid use (WHO Alcohol 
Smoking and Substance Involvement Screening 
Test opioid score >27),27 and had a support per-
son. Exclusion criteria included: pending criminal 
record; lack of stable accommodation; acute alco-
hol or benzodiazepine use disorder; psychotic 
disorder; history of severe injury, or serious car-
diac, respiratory or liver condition.22

Clinical procedures and methadone dosing

OAMT procedures followed local guidelines.25 
Baseline screening involved history taking, urine 
drug screen, physical examination (including an 
assessment of the cardiovascular system). Participants 
were initiated on 15 mg methadone daily by a 
trained general practitioner. Doses were slowly up 
titrated, based on self-reported symptoms toward an 
individualized maintenance dose. No ceiling dose 
was instituted. Doctor visits took place monthly. 
Clinical symptomatology was assessed during 
follow-up visits to ascertain any episodes of presyn-
cope, syncope, dizziness or sudden cardiac death. 
Examinations and investigations were done based 
on clinical need. Study participants were down 
titrated to zero, or to a low dose of methadone 
between 15 and 18 months after initiation.

ECG assessments

Standard resting 12-lead ECGs were recorded 
using a WelchAllyn CP50 405881 (WelchAllyn Inc) 
portable electrocardiographic recorder. Parameters 
analyzed were the PR interval, QRS interval, QT 
and QTc duration and heart rate. Abnormalities 
in P wave morphology, PR and ST-interval devi-
ations were also documented. The QT interval was 
defined as the interval between the Q-wave and 
the end of the T-wave, and was measured in Lead 
II, together with the RR interval. Bazett’s formula 
(QTc  =  QT/✓ R–R)28 was used to calculate the 
QTc. QTc intervals were considered prolonged if 
they were >450 ms for men and >470 ms for 
women.29 Because the QT intervals differ accord-
ing to gender, males and females were analyzed 
separately. ECGs were conducted at baseline and 
at 12 months.

Data capture and analysis

Each ECG recording was inputted with the par-
ticipant’s study number, date of birth and date 
of recording. The ECG was analyzed inde-
pendently by two clinicians, and the waveforms 
of interest were measured and captured onto 
Excel software which allowed verification, cate-
gorizing and sorting of the data.

Statistical analysis was performed using SPSS 
version 27.0 (IBM Corp. Released 2020. IBM 
SPSS Statistics for Windows, Version 27.0. 
Armonk, NY: IBM Corp). Demographic and clin-
ical data were extracted from the participant files 
and are presented descriptively as median and 
inter-quartile ranges (IQR) and mean ± standard 
deviation (SD). Descriptive parameters included 
age, sex, HIV status, urine drug screening (at 
baseline), methadone dose (at 12 months), blood 
pressure and ECG parameters.

Each particpants’ ECG data at 12 months was 
compared with their baseline value and the differ-
ences tabulated. The paired t-test was used to deter-
mine changes in QTc intervals across time for the 
same person.30 A scatterplot, using the best-fitting 
line to demonstrate a dose-response effect was con-
structed to ascertain the distribution of QTc at 
12 month follow-up, and Spearman’s Rho31 was used 
to ascertain the association between QTc and the 
corresponding methadone doses for all participants 
seen at 12 months. A p‐value of <0.05 was consid-
ered statistically significant.

Ethical considerations

Ethical clearance was received from the Durban 
University of Technology (REC 29/15) and from 
the KwaZulu-Natal Department of Health 
(KZ_2016RP14_267). Participants provided 
informed consent. No remuneration was provided.

Results

Baseline characteristics

The baseline demographic, clinical, and electro-
cardiographic findings are shown in Table 1. Data 
from 53 clients were analyzed with 51 men and 
two women (median age IQR 29.0; 26–33 years) 
at baseline (Table 1). All participants tested 
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Figure 1. D istribution of QTc (ms) at baseline (n = 53).

positive for opioids, while 32.1% of participants 
tested positive for multiple substances. There 
were ten participants who reported injecting of 
heroin, while the others smoked heroin in various 
combinations with tobacco and or cannabis.

Normal variants on ECGs recorded at baseline 
were as follows: 4 (7.5%) participants had sinus 
bradycardia and 3 (5.7%) had ST segment eleva-
tion. The mean electrocardiographic (ECG) inter-
vals at baseline were PR interval: 156 ± 23 ms, 
QRS duration: 87 ± 9 ms and QT interval: 
404 ± 22 ms (Table 1). The mean QTc interval at 
baseline was 406.9 ± 21.9 msec, and the distribu-
tion is shown in Figure 1. Two male participants 
(3.8%) had baseline QTc prolongation (QTc = 
467 msec & 460 msec) before methadone was 
started.

Twelve-month assessment

At 12 months, 39 participants returned for reas-
sessment (37 [73%] men; two [100%] women).

The remaining 14 clients did not complete a 
12-month study visit. Two clients died while on 
the programme (one linked to pulmonary tuber-
culosis and HIV infection and the other com-
pleted suicide). One client completed the program, 
five clients voluntarily exited (1 opted for absti-
nence based ‘rehabilitation’; 2 reported to no 
longer require treatment; 2 found work outside 

of Durban). Six clients were lost to follow-up and 
could not be contacted.

The mean methadone dose at the 12-month 
follow-up was 37 ± 8 mg in women and 27 ± 10 mg 
in men (p = 0.12). There were no reports of pre-
syncope, syncope, dizziness or sudden cardiac 

Table 1.  Baseline demographics, drug use and ECG character-
istics of the sample (n = 53).
Characteristic

Age (years) median IQR 29.0 (26–33)
n (%)

Males 51 (96.2%)
HIV positive 7 (13.2%)
Recent injecting (last 12 months) 10 (18.9%)

Urine drug screening
 N umber with urine positive for cocaine 8 (15.1%)
 N umber with urine positive for benzodiazepines 1 (1.9%)
 N umber with urine positive for opioids 53 (100%)
 N umber with urine positive for cannabis 17 (32.1%)
 N umber with urine positive for amphetamine 1 (1.9%)
 N umber with urine positive for methamphetamine 6 (11.3%)
 N umber with urine positive for multiple substances 17 (32.1%)

Cardiovascular findings
 S ystolic blood pressure (mmHg) 116 ± 12
 D iastolic blood pressure (mmHg) 76 ± 10
  HR (beats per minute) 62 ± 9/min

ECG findings
  PR interval (ms) 156 ± 23
  QRS duration (ms) 87 ± 9
  QT interval (ms) 404 ± 22
  QTc (ms) 406.9 ± 21.9
    <430 ms 46 (86.8%)
    ≥430 < 450  ms 5 (9.4%)
    ≥450 < 470  ms 2 (3.8%)
  Males with QTc ≥450 ms: n (%) 2 (4.0%)
 F emales with QTc ≥470 ms: n (%) 0 (0.0%)

Baseline ECG abnormalities
  Bradycardia (HR <50 bpm) 4 (7.5%)
 ST  segment elevation 3 (5.7%)
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death, nor were any cardiac arrhythmias observed 
during this study.

The ECG parameters of the 37 men who com-
pleted a 12-month study visit are shown in  
Table 2. At one year there was an increase in 
QTc intervals in men (406.4 ± 22 to 417 ± 24; 
p = 0.026 [−19.6; −1.4]), although values remained 
within the normal range (QTc <450 ms in men). 
The prolonged QTc intervals observed in the two 
men (4%) at baseline (Table 2), reverted to nor-
mal at 12 months. Another two male participants 
developed mildly prolonged QTc intervals (452; 
460 ms respectively) at 12 months.

Our data points toward a correlation between 
the methadone dose and the QTc interval 
lengthening at 12 months (Figure 2); however, 
this was not statistically significant (r = 0.22; 
p = 0.185).

Only one serious adverse event related to 
methadone was reported during the reporting 
period. This related to a participant who was 
briefly admitted to hospital for taking his dose 
of methadone after a night of heavy alcohol con-
sumption. He was referred to the local public 
hospital and was released after receiving symp-
tomatic treatment.

Discussion

This study provides data on the safety of low-dose 
methadone used for OAMT in a South Africa 
setting. After 12 months of methadone treatment, 
there was a statistically significant increase in 
QTc intervals in men that remained within the 
normal range. Two clients developed asymptom-
atic mild QTc prolongation at 12 months. One of 

Table 2. C omparison between baseline and 12-month follow-up among men retained (n = 37).
Baseline 12 months p-value (95% CI)

Methadone dose (mg daily) 15 ± 0 27 ± 10 p < 0.0001(−15.5; −9.0)
Parameter
Baseline heart rate 62.0 ± 9.7 68 ± 13 0.011(−10.3; −1.4)
PR interval 158.2 ± 21.7 156 ± 20 0.36(−4.8; 13.3)
QRS duration 86.1 ± 7.7 88 ± 10 0.065(−5.0; −1.9)
QT interval 402.4 ± 28.9 398 ± 36 0.344(−5.1; 14.4)
QTc 406.4 ± 22.8 417 ± 24 0.026(−19.6; −1.35)
<430 ms 31 (83.8%) 25 (67.6%) p < 0.0001
  ≥430 < 450  ms   5 (13.5%) 10 (27.0%)
  ≥450 < 470  ms 1 (2.7%) 2 (5.4%)
  ≥470 < 500  ms 0 0
≥500 ms 0 0

Figure 2.  QTc (ms) distribution correlation with methadone dose (mg) at one-year (n = 39).
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the people with prolonged QTc at baseline was 
not retained at 12 months. No arrhythmias or 
other forms of clinically important cardiotoxicity 
were identified.

Since methadone was first approved for med-
ical use in 1947 by the United States Food and 
Drug Administration (FDA),32 there has been 
concern regarding the potential for serious ven-
tricular arrhythmias in the usage of methadone 
for the treatment of opioid use disorder.33 The 
mechanism is thought to be related to alterations 
in the transmembrane potassium, sodium and 
calcium currents leading to lengthening of the 
duration of cardiac repolarisation, which has been 
described in congenital long QT syndrome.34,35

Methadone has been shown to cause QT pro-
longation in a dose-dependent manner by spe-
cifically inhibiting the cardiac ion channel 
KCNH2.36 It is thought that bradycardia may 
serve as a trigger by permitting pause-dependent 
early depolarizations, and subsequent initiation 
of ventricular proarrhythmias.12 The bradycardia 
associated with methadone use is thought to be 
mediated via its anticholinesterase properties and 
through its action as a calcium channel antago-
nist. Methadone has also been found to increase 
QT interval variability, which is a marker of het-
erogenous cardiac repolarization.37 The develop-
ment of cardiovascular complications is 
exacerbated in individuals with underlying dis-
ease, as in those with reduced coronary perfusion 
from epicardial coronary artery disease, severe 
valvular heart disease, and significant left ven-
tricular systolic dysfunction, as a consequence of 
increased catecholaminergic tone and abrupt 
increases in myocardial oxygen consumption.12

In a meta-analysis, Kao et  al38 showed an asso-
ciation between methadone and ventricular 
arrhythmias, including those receiving methadone 
as part of OAMT and for other causes. Another 
study reported that higher methadone doses for 
OAMT was the only clinical risk factor which 
significantly predicted QTc prolongation. However, 
it did not emerge as an independent risk factor 
alone or in combination with other risk factors 
for inducing torsades de pointes.39 Epidemiological 
studies show that the correlation between meth-
adone dose and torsades de pointes mortality is 
not significant.40,41

The safety of low-dose methadone as part of 
OAMT has been investigated in a few studies.41–44 
In their review, Behzadi et  al emphasized that 
methadone had a higher potential to induce QTc 
prolongation and dangerous arrhythmias in doses 
of 100 mg compared to other opioids,42 but that 
the risk may also be present with low doses of 
methadone.

Our data points toward a correlation between 
methadone dose and QTc interval lengthening; 
however, this was not statistically significant 
(r = 0.22; p = 0.185). The mean doses in our sam-
ple at one-year follow-up was 27 ± 10 mg in men, 
which was much lower than the 40 mg/day 
reported to be the lowest dose at which torsades 
de pointes has been triggered.43 The highest dose 
recorded in our cohort was 50 mg in one client.

Similar to Pani et al.,39 we found that metha-
done maintenance treatment was associated with 
only a slight increase in the QTc interval, was not 
associated with cardiotoxicity and did not require 
termination of the therapy. In another study of 
291 participants, Chowdry et  al.41 reported a weak 
and insignificant relationship between methadone 
dose and QTc. Although doses exceeding 200 mg 
per day have been found to be associated with 
QTc prolongation and torsades de pointes, a wide 
range of dosages (65–100 mg/day) have been found 
to be arrhythmogenic.5

In our study, there was no ceiling on the dos-
age of methadone provided to participants; com-
fortability was self-determined and prescribed by 
a trained general practitioner, albeit with limited 
prior experience in OAMT. The doctor and the 
nursing team conducted regular observations of 
participants, daily for at least the first three 
months. Clients who were retained at 12 months 
received a median of 27 mg methadone daily. 
Methadone was also not associated with brady-
cardia as a trigger to arrhythmia susceptibility in 
this cohort. The absence of pathological QTc 
prolongation beyond 450 ms in our study is likely 
attributed to the low prevalence of medical 
comorbidities and lower methadone dosing 
used.11,42,44,45 In addition, a review by the Cochrane 
group found no evidence to support the use of 
routine ECG monitoring for preventing arrhyth-
mias in subjects maintained on methadone for 
opioid use disorder.39
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Limitations

Firstly, the total sample size for this study was 
small. Limited resources affected the number of 
participants. Furthermore, only two women were 
recruited for this study, despite concerted efforts 
to recruit more women. The low participation of 
women mirrors the national and international 
trend and may be attributed to the stigma and 
social exclusion experienced by women who use 
drugs.46 Consequently, the results should be 
inferred in light of the sample size, specifically 
in respect to women. Secondly, 14 (26%) of the 
enrolled participants were not retained at the 
one-year mark. At least five subjects were known 
to have returned to heroin use. The reasons for 
return to heroin use were not assessed; however, 
sub-optimal methadone dosing may have been a 
factor.4 The QTc intervals of the subject who 
died while on TB treatment is not known. This 
is important since anti-tuberculous therapy is 
known to be associated with QT prolongation.47 
A control group, monitored at baseline and at 
12 months would have strengthened the study 
design. This study did not include a control 
group. Therefore, it is not possible to infer 
changes in ECG over time in relation to people 
with opioid use disorder  who were not on meth-
adone. Furthermore, the absence of larger doses 
in our dose range may explain the lack of a 
significant correlation between methadone dose 
and the QTc intervals. As neither electrolyte anal-
yses nor serial Holter electrocardiographic anal-
ysis were performed, the possibility that high 
grade ventricular arrhythmias may have occurred 
undetected cannot be excluded.48 Finally, it must 
be noted that any variability in cardiac function 
and ECG which might have occurred between 
baseline and twelve-month ECGs may have 
been missed.

Conclusion

This study shows that methadone produced mild 
prolongation of the QTc interval in men after a 
year of treatment which was not associated with 
overt or symptomatic serious ventricular arrhyth-
mias. Also, methadone was not associated with 
bradycardia as a trigger to arrhythmia suscepti-
bility. Our findings confirm those from other 

settings around the cardiac safety of low-dose 
methadone for opioid use disorders.

In the absence of guidelines on the lowest dose 
of methadone at which an ECG should be per-
formed,49 future studies should revolve around 
modeling of the risks and benefits, as well as the 
determination of optimal cut-points for routine 
ECG monitoring. Since the adverse effects of 
methadone appear to be dose-dependent, this 
study supports routine ECG monitoring to reduce 
the risk of and manage torsades de pointes in par-
ticipants who have risk factors for dysrhythmia, 
or those taking higher doses (>100 mg),19 in an 
attempt to balance minimizing the harms of treat-
ment and failing to treat for fear of causing harm.50

This study provides evidence for the use of 
methadone in the treatment of opioid use disor-
ders, particularly in the South African context 
where there is extremely limited state provision 
of such treatment either in public hospitals or in 
primary health care facilities.
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