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Ab s t r Ac t 
Background: Toxicity and side effects of long-term use of opioids are well studied, but little information exists regarding electrophysiological 
disturbances of opium consumption. While natural opium has been regarded safe to a great extent among traditional communities, concerns 
are emerging owing to the available evidence of QT prolongation that have been exposed during recent outcome surveillance of patients 
under opioid use. Potential QT prolonging interactions would raise a higher level of such concern in opium users during COVID pandemic and 
warrant attention.
Materials and methods: This study was designed to detect the prevalence of QTc prolongation among opium users and nonusers. Two groups 
were compared with regard to gender, age, and median QTc interval. Normal and prolonged QTc intervals of user group were compared with 
respect to age, sex, dose of opium consumption, and duration of opium consumption.
Results: 123 opium users and 39 controls were investigated. Median QTc interval in opium user and non-user group was 460 vs 386 milliseconds, 
respectively (p value < 0.001). In all, 59.3%, (95% CI: 50.51–67.62%) of cases and none of non-user had prolonged QTc interval (p value < 0.001). 
There was no significance between normal and prolonged QTc intervals with respect to dose and duration of opium use.
Conclusion: This study indicated that opium consumption is associated with QTc prolongation. This prolongation does not relate to dose and 
duration of opium use. Further study is propounded to assess the clinical significance of these results and to determine risk rating of opium 
compared to other opioids in this regard.
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In t r o d u c t I o n 
Cultivation of opium poppy (Papaver somniferum) and production 
of raw opium have been intertwined with many cultures around the 
world.1–7 The opium market serves both for producing the medicinal 
preparations such as morphine and codeine and securing the illicit 
trade of heroin and opium. The traditional belief of beneficial 
properties along with the analgesic effect of opium has turned 
into the rising trend of a tremendous illegal and adulterated opium 
use leading to health and economic calamity.8,9 Nevertheless, 
opium pharmaceutical product in the form of opium tincture has 
been recently introduced to control opioid withdrawal and reduce 
addiction harms.10–14

The effect of opioids on cardiac electrical activity has 
been the matter of concern for physicians and pharmacists, 
since considering the arrhythmogenicity of a drug can weigh 
up the pros and cons of treatment or to prioritize the drug 
administration.15 In particular, the usage of the varying 
sedatives in perioperative settings and administration of specific 
therapeutics for COVID-19 patients with possible QT prolonging 
interactions would raise a higher level of such concern in opium 
users and warrant attention and further investigation. Many 
studies have elaborated the adverse and protective effects 
of opium use on cardiovascular risk factors.16–23 Meanwhile, 
little evidence has documented the association of opium use 
with cardiotoxicity and heart electrophysiology.19 Morphine is 
the main direct derivative of opium and accounts for 8–17% 
of the quantitative alkaloid content in opium.7 Morphine has 
been considered low risk from the perspective of QT interval 
prolongation15 and has been suggested for treating opioid 

addicts who have a prolonged QT interval.24 However, opium 
is a mixture of several substances with different effects that 
may ensue the different clinical manifestations.9 Yet, there is 
no evidence that opium consumption is associated with the 
higher prevalence of prolonged QT interval compared to non-
user general population. Hence, we conducted this study to 
demonstrate whether there is association between opium use 
and prolongation of QT interval.
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MAt e r I A l s A n d  Me t h o d s 
Study Design
The study population included consecutive admitted patients in 
the internal medicine ward of the Bu Ali University Hospital (Qazvin, 
Islamic Republic of Iran) between July 23, 2017, and August 22, 
2017, who adhered to the selection criteria and provided written 
informed consent. The patients were seeking care for internal 
medicine problems other than cardiac or problems that may 
influence heart electrophysiology. The cases may have been taken 
diverse drugs for chronic illnesses. We excluded the patients who 
are taking drugs influencing cardiac electrophysiology. Inclusion 
criteria were admissions with diagnosis of noncardiac reasons and 
age of 18 years and older. All individuals who had history of coronary 
artery disease (CAD), family history of sudden death, advanced 
heart disease, concomitant use of drugs, and electrolyte imbalance 
potential to prolong QT interval were excluded from the study. The 
assumption was cigarette smoking does not influence QT interval 
and thus was not assessed in this study. The user group consisted 
of opium users and were defined as cases who have been using 
opium oral or smoking per day for at least 6 months. We used self-
reporting opium use as a plausible means of detecting existing 
addictive habit.25 This study has collected data on typical types of 
opiates used locally interchangeably—that is, teriak, shireh, and 
sukhteh. A non-user group was enrolled to a comparison group 
and included non-cardiac patients who have not been using opium 
and other addictive opioids and had been hospitalized at the same 
study period and conformed to exclusion criteria. Individuals 
were assessed by face-to-face interview and access to the medical 
record information. Medical history and necessary clinical and 
12-lead electrocardiographic findings were recorded on a defined 
questionnaire and then entered into the defined database. Two 
groups were compared with regard to gender, age, and mean QTc 
interval. QTc was calculated using Bazett’s formula.25 We used 2005 
European protocol for QTc assessment.26 QTc value greater than 
440 milliseconds (ms) in males and 460 milliseconds in females was 
defined as prolonged QTc.26 Normal and prolonged QTc intervals 
of case group were compared with respect to dose and duration 
of opium consumption.

Ethical Issues
Informed consent was obtained from the patients, and 
confidentiality was preserved all over the study. Ethical issues 
were maintained with regard to the Helsinki Declaration 1975 as 
revised in 1983. The study was approved by the Ethical Committee 
of Research of Qazvin University of Medical Sciences.

Statistical Analysis
A sample size was calculated based on published data of two earlier 
studies in which QTc interval prolongation were significantly higher 
in opium user patients compared to non-user (60 vs 30%).27,28 It was 
estimated that 162 patients were needed to detect a difference 
between prevalence of QTc interval prolongation within two 
groups, with a ratio of non-user to user of 0.3, power of 80%, and 
an α level of 0.05.

The data were analyzed by IBM SPSS 22 statistical package (SPSS 
Inc, Chicago, and IL, USA). Distributions of continuous data were 
assessed for normality using the Kolmogorove Smirnov test, and all 
were non-normal distributions. Hence, continuous variables were 
described as median (IQR: interquartile range) and were compared 
using nonparametric (Manne–Whitney U) test. Categorical variables 

were summarized as frequencies and percentages. We compared 
proportions using the Chi-square test or Fisher’s exact test. To 
assess effect of opium dependency on QTc interval prolongation, 
we used a binary logistic regression model. Odds ratio (OR) with 
95% confidence interval (CI) was reported. A p value of <0.05 was 
considered statistically significant, and all tests were two-tailed.

re s u lts 
A total of 162 individuals were investigated for this study, including 
123 opium users and 39 individuals not using opium who served 
as a non-user group.

Table 1 outlines characteristics of study participants and the 
pattern of opium consumption with respect to dose, duration, and 
route of opium use.

The median age in opium users was 42 years and in control 
was 39 years which was not statistically different (p value = 0.388). 
Among case and control patients, 54% were male and 46% were 
female. No significance was found while two groups were compared 
with respect to gender (p value = 0.278). Among opium users, daily 
dose of opium consumption ranged from 0.5 g/day to 12 g/day, and 
the duration of opium consumption ranged from 1 to 45 years. A 
combination of oral and smoking route of opium consumption 
was the most common method (44.7%), followed by smoking, and 
oral. The opium user and non-user groups were compared based 
on QTc length.

Table 2 details the median [IQR] of QTc intervals in user and 
non-user groups. The assessments showed that opium use was 
significantly associated with higher QTc intervals in comparison to 
non-user group (p < 0.0001). Out of 123 opium users, 73 (59.3%, 95% 
CI: 50.51–67.62%) had prolonged QTc interval. Accordingly, out of 
39 control cases, all individuals had normal QTc. According to these 
findings, frequency of individuals with prolonged QTc intervals were 
significantly more common in opium user group compared to the 
control individuals (p value < 0.0001).

In binary logistic regression model (to assess effect of opium 
dependency on QTc interval prolongation) included variables 
were age, sex, daily dose, and duration of opium consumption as 
covariate. After an enter method analysis, sex and age remained in 
the model (male gender and older age as independent risk factors 
for prolonged QTc interval) (Table 3). Male gender and older age 

Table 1: Demographic among participants and pattern of opium use 
in user group

Characteristic

Study group

p valueOpium users Non-users
Age (years, median [IQR]) 42 [35–51] 39 [29–57] 0.388a

Gender  
(no, %)

Male 69 (56.1%) 18 (46.2%) 0.278b

Female 54(43.9%) 21 (53.8%)
Opium use duration (years, 
median [IQR])

10 [4.5–20] N/A N/A

Amount of daily opium use 
(g, median [IQR])

 2 [2–4] N/A N/A

Route of 
opium use 
(no, %)

Oral 28 (22.8%) N/A N/A
Smoking 40 (32.5%) N/A N/A
Both 55 (44.7%) N/A N/A

IQR, interquartile range; QTc, the corrected QT interval; g, gram; N/A, not 
applicable
aManne–Whitney U test; bChi-square test
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were significant predictors of QTc prolongation (OR: 3.68, 95% CI: 
1.680–8.060, p value = 0.001 and OR: 1.04, 95% CI: 1.007–1.080, p 
value = 0.020, respectively) in the user group.

dI s c u s s I o n 
The present study found that the QT interval is prolonged in 59.3% 
of opium users and none of non-opium users, and this difference 
was statistically meaningful.

When addicted patients are prepared for surgery or procedures 
requiring anesthesia, the usage of sedatives, particularly in the 
setting of acute pain management, can become a significant 
challenge. In these patients, drugs that may further prolong the 
QTc interval should be administered with care and with appropriate 
electrocardiogram (ECG) monitoring. Opium has been associated 
with QT prolongation; however, these patients may require 
to continue their maintenance dose during the perioperative 
period, and additional opioids may be used during surgery or 
for breakthrough pain in the postoperative period.29 As a result, 
postoperative monitoring for QTc prolongation is essential.

Accordingly, addicted COVID-19 patients who are hospitalized 
and take some drugs (e.g., hydroxychloroquine, macrolide, 
quinolone, haloperidol, ondansetron, and amiodarone) can 
experience QTc prolongation and torsades de pointes (TdP) as an 
adverse drug event. There is a critical need for rigorous, large-scale 
studies and risk-benefit assessment prior to initiating COVID-19 
therapeutics, with careful attention to medication interactions, 
cardiac manifestations, routine electrocardiograms, and electrolyte 
monitoring especially in opium-addicted patients.30

We could not find an association between dose and duration of 
opium consumption with QT interval prolongation. Several studies 
have investigated the effect of opium addiction on cardiovascular 
system.31,32 Some of these studies reported harmful effects of 
opium on this system.16,33 Along with the continuing advances in 
opioid therapies, our understanding about the cardiac effects of 
these opioids has increased over time. In particular, investigating 
potential effect of opioid agents in causing QT interval prolongation 
has been of great interest, as it may induce TdP and sudden 
death.15 QT interval prolongation has been documented during 

the administration of methadone,34–36 buprenorphine,34,37 
levomethadyl,34 oxycodone,38 and tramadol.39 Morphine is a less 
investigated opioid analgesic in this regard. We found three review 
articles that have tried to achieve a conclusive result in view of 
the impact of opioids on cardiac electrophysiology including QT 
interval prolongations.9,15,40 In a cross-sectional study conducted 
by Fanoe et al., no association between morphine and QT was 
observed.38 In the more recent study conducted by Tung et al., the 
effects of methadone and morphine were assessed and compared 
the effects of methadone and morphine on the heart rate, mean 
arterial pressure, and QT interval; they failed to find an association 
between morphine and QT interval, while methadone significantly 
increased QT interval.41 Hämmig et al., demonstrated that treatment 
with slow-release oral morphine (SROM) was associated with 
significant effects on the QT-interval; however, the mean QT-interval 
associated with methadone was significantly longer than that under 
SROM.42 Available data on morphine are scarce, and a majority of 
evidence confirms its safety in the context of cardiac electrical 
activity at least in routine doses.15 The present study found that 
the QT interval is prolonged in 59.3% of opium users, and any of 
non-opium users and this difference was statistically meaningful. A 
study conducted by Wallner et al., on consecutive therapy‐seeking 
opiate addicts demonstrated that the most common ECG change 
was QT prolongation (13%).43 It seems chronic opium consumers 
have a higher susceptibility to coronary artery disease and an 
overall increase in their ECG abnormalities in comparison with 
non-opium users.31

In our study, male gender and older age were associated with a 
3.68- and 1.04-fold increased risk of QTc prolongation in user group. 
Similarly, Ma et al., could find an association between male gender 
and older age with QT interval prolongation in general Chinese 
population. In their primary result, female sex was introduced as a 
risk factor. Meanwhile, after using the clinical diagnosis criteria for 
long QT syndrome(setting 450 ms for men and 470 ms for women), 
they found female seems to be less likely for long QT syndrome in 
the population.28

However, unlike Wedam’s study, we could not f ind an 
association between dose of opium consumption with QT interval 
prolongation.40 A study conducted by Anchersen et al., showed 

Table 2: QTc interval measures among opium users and non-users group

Study group*

Total p valueCharacteristic Opium users Non-users
QTc (ms, median [IQR]) 460 [440–490] 386 [370–408] — <0.0001a

QTc (no, %) Normal 50 (40.7%) 39 (100.0%) 89 (54.9%) <0.0001b

Prolonged 73 (59.3%) 0 (0.0%) 73 (45.1%)
*ms, milliseconds, no. (%); IQR, interquartile range; QTc, the corrected QT interval
aManne–Whitney U test; bChi-square test

Table 3: Male sex and age were associated with a 3.68 and 1.04-fold increased risk of QTc prolongation in user group, respectively at step 2. Enter 
method, age, sex, daily dose and duration of opium consumption

Variable β SE p Exp (β)

95% CI for Exp (β)

Range
Step 1a Sex (male) 1.233 0.387 0.001 3.432 1.609–7.323

Constant −0.266 0.277 0.338 0.767
Step 2b Sex (male) 1.303 0.400 0.001 3.680 1.680–8.060

Age 0.042 0.018 0.020 1.043 1.007–1.080
Constant −2.114 0.842 0.012 0.121

*No. (%), QTc, the corrected QT interval; CI, confidence interval
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that QT interval is positively prolonged with methadone dose. Our 
study did not detect dose-dependent relationship between opium 
and QT prolongation. Methadone contrary to opium might have 
had a cumulative dose effect on QT interval.36

Raw opium is a mixture of non-alkaloidal constituents and 
more than 40 individual alkaloids.7 Different substances and drugs 
are added to opium before introducing into the illegal market. 
These adulterants may produce various effects that generate 
deep concerns in view of health hazards, clinical consequences, 
and research inferences.44 Based on the current data and to our 
knowledge, there are no studies on the effect of opium on QT 
interval in humans. Najafipour and Joukar in their animal study 
showed that opium smoking in case of hypercholesterolemia 
remarkably increased the incidence of fatal arrhythmia. This effect 
was not triggered by changes in the QT interval.45

There are controversies regarding how raw opium might 
influence cardiovascular system, since the opium-related studies 
have inherent limitations and for several reasons required data on 
opium are not conclusive for clinical purposes and on account of the 
diverse opium constituents per se.9,44,46 Although the present study 
has achieved important findings denoting the higher frequency 
of QT interval prolongation in opium users, but critical points 
concerning the correlation of these findings with clinical outcome 
including ventricular arrhythmia, TdP, and sudden death and risk 
rating while opium is compared to other opioids remains unclear. 
We compared the findings of this study with opioid drugs, such as 
methadone that are pure opioid agonists and are administered 
with specific fixed doses. Opium tincture, a medicinal product of 
opium, is not included in this study. The study was monocentric and 
encompassed a limited study population investigated in a tertiary-
care hospital. The study cases have been consuming unidentified 
opium material in a single province that might not be necessarily 
identical to the samples found in other regions of country.

co n c lu s I o n 
The findings of this study indicated that opium use is associated 
with QTc interval prolongation. The study presents no association 
between opium use and QTc interval prolongation with respect 
to dose and time spent in opium consumption. Further similar 
study is required to be conducted at multicentric level involving 
heterogeneous proportion of participants with different opium 
supplies.

Ac k n ow l e d g M e n ts
The authors are thankful to office of vice-chancellor for Research 
of Qazvin University of Medical Sciences for the support of the 
present study.

re f e r e n c e s
 1. Wishart D. The opium poppy: the forbidden crop. J Geogr 

1974;73(1):14–25. DOI: 10.1080/00221347408980821.
 2. Hobbs JJ. Troubling fields: the opium poppy in Egypt. Geogr Rev 

1998;88(1):64–85. DOI: 10.1111/j.1931-0846.1998.tb00096.x.
 3. Duarte D. Opium and opioids: a brief history. Rev Bras Anestesiol 

2005;55(1):135–146.
 4. Zarghami M. Iranian common attitude toward opium consumption. 

Iran J Psychiatry Behav Sci 2015;9(2):e2074. DOI: 10.5812/ijpbs.2074v3.
 5. Kalant H. Opium revisited: a brief review of its nature, composition, 

non‐medical use and relative risks 1. Addiction 1997;92(3):267–277. 
DOI: 10.1046/j.1360-0443.1997.9232673.x.

 6. Kreutzmann H. Afghanistan and the opium world market: poppy 
production and trade. Iranian Studies 2007;40(5):605–621. DOI: 
10.1080/00210860701667688.

 7. Schiff PL. Opium and its alkaloids. Am J Pharm Educ 2002;66(2):188–
196.

 8. Mokri A. Brief overview of the status of drug abuse in Iran. Arch Iranian 
Med 2002;5(3):184–190.

 9. Khademi H, Kamangar F, Brennan P, Malekzadeh R. Opioid therapy 
and its side effects: a review. Arch Iran Med 2016;19(12):870–876.

 10. Daneshmand R, Mehrjerdi ZA, Samiee M. Maintenance treatment 
with opium tincture: a preliminary qualitative study of the factors 
related to treatment entry. Iran J Public Health 2014;43(8):1123–1131.

 11. Somogyi AA, Larsen M, Abadi RM, Jittiwutikarn J, Ali R, White 
JM. Flexible dosing of tincture of opium in the management of 
opioid withdrawal: pharmacokinetics and pharmacodynamics. 
Br J Clin Pharmacol 2008;66(5):640–647. DOI: 10.1111/j.1365-
2125.2008.03277.x.

 12. Solhi H, Sadeghi-Sedeh B, Emami P, Jamalian M, Kazemifar AM. 
Does ingestion of tincture of opium notably raise blood alcohol 
concentration? Addict Health 2014;6(3-4):100–104.

 13. Tabassomi F, Zarghami M, Shiran M-R, Farnia S, Davoodi M. Opium 
tincture vs methadone syrup in management of acute raw opium 
withdrawal: a randomized, double-blind, controlled trial. J Addict 
Dis 2016;35(1):8–14. DOI: 10.1080/10550887.2015.1074504.

 14. Nikoo M, Moazen‐Zadeh E, Nikoo N, Javidanbardan S, Kazemi A, Choi 
F, et al. Comparing opium tincture and methadone for medication‐
assisted treatment of patients with opioid use disorder: protocol for 
a multicenter parallel group noninferiority double‐blind randomized 
controlled trial. Int J Methods Psychiatr Res 2019;28(1):e1768. DOI: 
10.1002/mpr.1768.

 15. Behzadi M, Joukar S, Beik A. Opioids and cardiac arrhythmia: 
a literature review. Med Princ Pract 2018;27(5):401–414. DOI: 
10.1159/000492616.

 16. Yousefzadeh G, Shokoohi M, Najafipour H, Eslami M, Salehi F. 
Association between opium use and metabolic syndrome among an 
urban population in southern Iran: results of the Kerman coronary 
artery disease risk factor study (KERCADRS). ARYA Atheroscler 
2015;11(1):14–20.

 17. Najafipour H, Beik A. The impact of opium consumption on blood 
glucose, serum lipids and blood pressure, and related mechanisms. 
Front Physiol 2016;7:436. DOI: 10.3389/fphys.2016.00436.

 18. Mirzaiepour F, Dadras M, Forood A, Najafipour H, Shokoohi M. The 
effect of opium addiction on arrhythmia following acute myocardial 
infarction. Acta Medica Iranica 2012;50(10):670–675.

 19. Garg P, Hitawala AA, Agarwal M. Cardiotoxic effects of raw opium. 
Indian J Crit Care Med 2018;22(1):46–48. DOI: 10.4103/ijccm.
IJCCM_427_17.

 20. Hasandokht T, Salari A, Pour SS, Tirani HD, Shad B, Rajabi E. Does 
opium have benefit for coronary artery disease? A systematic review. 
Res Cardiovasc Med 2018;7(2):51–58. DOI: 10.4103/rcm.rcm_12_17.

 21. Ebrahimi M, Kazemi-Bajestani S, Ghayour-Mobarhan M, Ferns 
G. Coronary artery disease and its risk factors status in Iran: a 
review. Iran Red Crescent Med J 2011;13(9):610–623. DOI: 10.5812/
kowsar.20741804.2286.

 22. Nadimi AE, Amiri FP, Fathollahi MS, Hassanshahi G, Ahmadi Z, Sayadi 
AR. Opium addiction as an independent risk factor for coronary 
microvascular dysfunction: a case–control study of 250 consecutive 
patients with slow–flow angina. Int J Cardiol 2016;219:301–307. DOI: 
10.1016/j.ijcard.2016.06.034.

 23. Asgary S, Sarrafzadegan N, Naderi GA, Rozbehani R. Effect of opium 
addiction on new and traditional cardiovascular risk factors: do 
duration of addiction and route of administration matter? Lipids 
Health Dis 2008;7(1):42. DOI: 10.1186/1476-511X-7-42.

 24. Walton G, Nolan S, Sutherland C, Ahamad K. Sustained release oral 
morphine as an alternative to methadone for the treatment of opioid-
use disorder post torsades de pointes cardiac arrest. BMJ Case Rep 
2015;2015:bcr2015210239. DOI: 10.1136/bcr-2015-210239.



Opium-associated QT prolongation

Indian Journal of Critical Care Medicine, Volume 25 Issue 1 (January 2021) 47

 25. Bazett HC. An analysis of the time relations of electrocardiograms. 
Heart 1920;7:353–370.

 26. Johnson JN, Ackerman MJ. QTc: how long is too long? Br J Sports Med 
2009;43(9):657–662. DOI: 10.1136/bjsm.2008.054734.

 27. Soroosh D, Neamatshahi M, Zarmehri B, Nakhaee S, Mehrpour O. 
Drug-induced prolonged corrected QT interval in patients with 
methadone and opium overdose. Subst Abuse Treat Prev Policy 
2019;14(1):8. DOI: 10.1186/s13011-019-0196-3.

 28. Ma Q, Li Z, Guo X, Guo L, Yu S, Yang H, et al. Prevalence and risk factors 
of prolonged corrected QT interval in general chinese population. 
BMC Cardiovasc Disord 2019;19(1):276. DOI: 10.1186/s12872-019-1244-
7.

 29. Bryson EO. The perioperative management of patients maintained on 
medications used to manage opioid addiction. Curr Opin Anesthesiol 
2014;27(3):359–364.

 30. Mercuro NJ, Yen CF, Shim DJ, Maher TR, McCoy CM, Zimetbaum 
PJ, et al. Risk of QT interval prolongation associated with use of 
hydroxychloroquine with or without concomitant azithromycin 
among hospitalized patients testing positive for coronavirus 
disease 2019 (COVID-19). JAMA Cardiol 2020. e201834. DOI: 10.1001/
jamacardio.2020.1834.

 31. Ziaee M, Hajizadeh R, Khorrami A, Sepehrvand N, Momtaz S, Ghaffari 
S. Cardiovascular complications of chronic opium consumption: a 
narrative review article. Iran J Public Health 2019;48(12):2154–2164.

 32. Ebdali RT, Tabaee SS, Tabaei S. Cardiovascular complications and 
related risk factors underlying opium consumption. J Cell Physiol 
2019;234(6):8487–8495. DOI: 10.1002/jcp.27780.

 33. Ebrahimi H, Javanmard SH, Asgary S, Dehghani L, Amiri M, Saadatnia 
M. Opium addiction and ischemic stroke in Isfahan, Iran: a case-
control study. Eur Neurol 2018;79(1-2):82–85. DOI: 10.1159/000485098.

 34. Wedam EF, Bigelow GE, Johnson RE, Nuzzo PA, Haigney MC. 
QT-interval effects of methadone, levomethadyl, and buprenorphine 
in a randomized trial. Arch Intern Med 2007;167(22):2469–2475. DOI: 
10.1001/archinte.167.22.2469.

 35. Isbister GK, Brown AL, Gill A, Scott AJ, Calver L, Dunlop AJ. QT 
interval prolongation in opioid agonist treatment: analysis of 
continuous 12‐lead electrocardiogram recordings. Br J Clin Pharmacol 
2017;83(10):2274–2282. DOI: 10.1111/bcp.13326.

 36. Anchersen K, Clausen T, Gossop M, Hansteen V, Waal H. Prevalence 
and clinical relevance of corrected QT interval prolongation during 

methadone and buprenorphine treatment: a mortality assessment 
study. Addiction 2009;104(6):993–999. DOI: 10.1111/j.1360-
0443.2009.02549.x.

 37. Harris SC, Morganroth J, Ripa SR, Thorn MD, Colucci S. Effects of 
buprenorphine on QT intervals in healthy subjects: results of 2 
randomized positive-and placebo-controlled trials. Postgrad Med 
2017;129(1):69–80. DOI: 10.1080/00325481.2017.1270156.

 38. Fanoe S, Jensen GB, Sjøgren P, Korsgaard MP, Grunnet M. Oxycodone 
is associated with dose‐dependent QTc prolongation in patients and 
low‐affinity inhibiting of hERG activity in vitro. Br J Clin Pharmacol 
2009;67(2):172–179. DOI: 10.1111/j.1365-2125.2008.03327.x.

 39. Keller AG, Etchegoyen MCV, Fernandez N, Olivera NM, Quiroga PN, 
Belloso WH, et al. Tramadol induced QTc-interval prolongation: 
prevalence, clinical factors and correlation to plasma concentrations. 
Curr Drug Saf 2016;11(3):206–214. DOI: 10.2174/157488631166616022
5150405.

 40. Wedam EF, Haigney MC. The impact of opioids on cardiac 
electrophysiology. Curr Cardiol Rev 2016;12(1):27–36. DOI: 10.2174/1
573403X1201160126122405.

 41. Tung KH, Angus JA, Wright CE. Contrasting cardiovascular 
properties of the μ-opioid agonists morphine and methadone in 
the rat. Eur J Pharmacol 2015;762:372–381. DOI: 10.1016/j.ejphar.2015. 
06.016.

 42. Hämmig R, Köhler W, Bonorden-Kleij K, Weber B, Lebentrau K, Berthel 
T, et al. Safety and tolerability of slow-release oral morphine vs 
methadone in the treatment of opioid dependence. J Subst Abuse 
Treat 2014;47(4):275–281. DOI: 10.1016/j.jsat.2014.05.012.

 43. Wallner C, Stöllberger C, Hlavin A, Finsterer J, Hager I, Hermann 
P. Electrocardiographic abnormalities in opiate addicts . 
Addiction 2008;103(12):1987–1993. DOI: 10.1111/j.1360-0443.2008. 
02333.x.

 44. Najafi M. Opium and the heart: common challenges in investigation. 
J Tehran Heart Cent 2010;5(3):113–115.

 45. Najafipour H, Joukar S. Combination of opium smoking and 
hypercholesterolemia augments susceptibility for lethal cardiac 
arrhythmia and atherogenesis in rabbit. Environ Toxicol Pharmacol 
2012;34(2):154–159. DOI: 10.1016/j.etap.2012.03.008.

 46. Javadi HR, Allami A, Mohammadi N, Alauddin R. Opium dependency 
and in-hospital outcome of acute myocardial infarction. Med J Islam 
Repub Iran 2014;28:122.


