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Δ9-Tetrahydrocannabinol, the psychoactive ingre-
dient in cannabis, and synthetic cannabinoid 
receptor agonists (SCRAs) activate the CB1 
receptor to produce their profound behavioural 
effects and are widely used as recreational drugs. 
There is growing evidence that SCRAs, com-
monly known by the street name Spice or K2 
(though there are many others, see: http://www.
emcdda.europa.eu/publications/drug-profiles/
synthetic-cannabinoids) can produce detrimental 
cardiovascular effects.1 Commonly observed car-
diotoxic effects of SCRAs include tachycardia, 
chest pain and hypertension.1 However, brady-
cardia and hypotension have also been reported 
in K2-induced toxicity.2 Here, we consider evi-
dence of cardiac repolarization abnormalities fol-
lowing SCRA use, an issue that may be of 
particular significance to individuals also receiv-
ing psychiatric or opiate substitution prescription 
medications, but that is also of potential signifi-
cance to patients receiving other prescription or 
recreational drugs.

One of the issues in evaluating cardiotoxicity of 
SCRAs is that, due to a setting of recreational 
rather than clinical drug use, the composition of 
street drugs can be variable and different chemi-
cal structures may interact in unpredictable 
ways.1 Street preparations of SCRAs may contain 
varying (and unknown to the user) combinations 
of different SCRA compounds and, commonly, 
the dose taken is unknown. Most SCRA users are 
polydrug users, commonly using natural cannabis 
as well as SCRAs, with a significant minority also 
using stimulants,3 which may complicate attribu-
tion of physical harms. However, there is a 
reported 30-fold odds (a per event risk of 
0.0006017) of requiring emergency medical 
treatment following SCRA use over those who 
use cannabis alone (a per event risk of 0.0000201).4 
There is growing evidence for a risk of clinically 
significant prolongation of the rate corrected QT 

(QTc) interval of the electrocardiogram (ECG) 
with SCRA use.5–8 The principal arrhythmia 
associated with delayed ventricular repolariza-
tion, and hence with QTc interval prolongation, is 
torsades de pointes (TdP). This is linked to cel-
lular genesis of early-after depolarizations and 
increased dispersion of repolarization,9,10 and can 
degenerate into fatal ventricular fibrillation. 
Thus, QTc prolongation by both clinical and rec-
reational drugs is a matter of some significance.

In 2014, Ibrahim and colleagues reported a case 
of cardiac arrest in a middle-aged male with con-
current coronary artery disease, within an hour of 
consumption of the SCRA product K2. He was 
successfully resuscitated, and his ECG on hospi-
tal admission showed a prolonged (though 
unspecified) QTc interval.5 The patient did not 
show electrolyte abnormalities and a routine drug 
screen on admission was negative. The temporal 
relationship between K2 exposure and cardiac 
arrest and evidence of myocardial necrosis with-
out acute coronary occlusion led the authors to 
consider K2 as a causative agent.5 In 2016, Von 
Der Haar and colleagues reported the case of a 
29-year-old male with a history of depression, 
who was admitted to an emergency psychiatric 
unit after smoking K2. He required sedation 
(with lorazepam and haloperidol) and, within 
10 min of this, showed a QTc interval of 560 ms 
(compared with 412 ms from an ECG 8 months 
earlier). The patient had been prescribed sertra-
line and quetiapine for his psychiatric condition, 
which could also affect the QTc interval, but 
stated that he was noncompliant with these. Urine 
toxicology was conducted for barbiturates, ben-
zodiazepines, cocaine, opiates, methadone, tet-
rahydrocannabinol, and phencyclidine and was 
found to be negative,6 and electrolyte (magne-
sium and potassium) levels were normal. Whilst 
psychotropic medications are associated with 
QTc interval prolongation (e.g.11) the authors 
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reasoned that this individual’s noncompliance 
and earlier normal ECG argue against these as a 
primary cause of QTc prolongation, and that the 
prolongation of the QTc interval occurred too 
rapidly to be accounted for by intramuscularly 
(IM) administered haloperidol as a sedative.

Very recently, Yildiz and colleagues published an 
evaluation of ventricular repolarization parame-
ters in 58 patients admitted to the emergency 
department following SCRA use.7 Comparison of 
12-lead ECG of these patients was made with 
that of 54 age- and sex-matched healthy controls, 
who had been referred to the cardiology outpa-
tient clinic for evaluation and had not ingested a 
synthetic cannabinoid. The control subjects did 
not exhibit evidence of pathologies affecting ven-
tricular repolarization parameters in noninvasive 
cardiac examinations.7 ECG analysis focused on 
QT, (Bazett’s corrected) QTc intervals and 
T-wave analysis.7 Exclusion criteria for patient 
data included electrolyte disturbances, pre-exist-
ing heart disease and use of substances known to 
affect ECG parameters. QRS complex duration 
did not differ significantly, but QTc intervals were 
significantly longer in the SCRA group than in 
controls.7 The authors also measured the interval 
between the peak and end of the T wave (Tp-e), as 
an index of transmural dispersion of repolariza-
tion, and found that this too was greater in the 
SCRA group than in controls. This significant 
difference persisted when Tp-e was normalized to 
QT or QTc intervals.7 Although none of the 
patients in this study had ventricular arrhythmias 
at the time of ECG measurement, the observation 
of increased Tp-e has potential significance as a 
marker of arrhythmia risk in SCRA use: Tp-e has 
been suggested to be the best predictor of TdP in 
acquired long QT syndrome.12 Thus, these recent 
findings suggest that QTc prolongation with 
SCRA use is associated with increased heteroge-
neity of ventricular repolarization, which is likely 
to increase the propensity for ventricular arrhyth-
mia. Consistent with this, a recent case has 
emerged of a 52-year-old female who had cardiac 
arrest shortly after first-time use of cigarettes 
laced with the SCRA product K2.8 She was resus-
citated out of hospital and then admitted. Her 
ECG showed a prolonged QTc interval of 534 ms 
and lateral T wave inversion. She experienced an 
episode of ventricular fibrillation in hospital that 
was seen to occur as TdP degenerating into ven-
tricular fibrillation and was associated with 

a prolonged QTc of 634 ms. She had a reduced 
ventricular ejection fraction, which later 
improved. She received an implantable defibrilla-
tor due to two near-fatal arrests. Information on 
analytical screening, electrolyte levels and pres-
ence/absence of other potential QTc prolonging 
factors are unavailable for this case.

One limitation in evaluating the evidence linking 
SCRA use and QTc prolongation is the varying 
level of information between reports. For exam-
ple, only Yildiz and colleagues stated which cor-
rection method was used to derive QTc interval 
values,7 and there is little information on other 
factors that may predispose to QT prolongation 
in the study of Ahmed and colleagues.8 Another 
limitation, highlighted by both Ibrahim and col-
leagues and Yildiz and colleagues,5,7 is a reliance 
on self-reported drug history due to a lack of 
available drug screens for SCRA use. The devel-
opment of (an) appropriate screen(s) is made dif-
ficult both due to the variable composition of 
SCRA products and the continuous emergence of 
novel SCRA entities.5 Further patient studies, 
particularly systematic studies of multiple sub-
jects who have taken SCRAs are therefore needed 
to explore further the effects of SCRAs on ven-
tricular repolarization and arrhythmia risk.

Virtually all drugs that produce acquired long QT 
syndrome and TdP arrhythmia produce pharmaco-
logical inhibition of cardiac ‘hERG’ potassium 
channels.10 The SCRA JWH-030 has been reported 
to inhibit hERG channel current (IhERG), but with 
relatively low affinity (IC50 of 88 µM).13 The com-
pound abbreviated rather than lengthened rabbit 
Purkinje fibre action potentials in the same study, 
however, suggesting that other effects outweighed 
hERG channel inhibition. Interestingly, JWH-030 
prolonged the QT interval in ECG measurements 
from rats in the same study.13 Rats do not rely on 
hERG for ventricular repolarization, so this obser-
vation raises the possibility that this SCRA may 
delay repolarization through a non-hERG medi-
ated mechanism. However, other SCRAs, includ-
ing JWH-018 and JWH-073, are more prevalent in 
recreational SCRA preparations,14 and the effects 
of these compounds on hERG remain to be 
established.

Drug-induced TdP is usually a multiple-hit phe-
nomenon, with known risk factors including 
metabolic disturbances and the presence of more 
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than one QTc-prolonging drug.15 The fact that 
many SCRA users may use additional prescrip-
tion or recreational drugs is therefore a cause for 
concern. Patients taking psychotropic medica-
tions associated with QTc interval changes (a 
property often associated with antidepressants, 
mood stabilisers and antipsychotics) who are sus-
pected of using SCRAs should be warned about 
potential additive or synergic effects in terms of 
cardiac risk. Similarly, patients taking metha-
done as substitution treatment for opioid depend-
ence should be cautioned against taking SCRAs, 
as methadone itself is known to be linked to QTc 
prolongation and TdP,16 and concurrent con-
sumption of SCRAs may therefore be a danger-
ous but avoidable risk. Patients suspected of 
using SCRAs should undergo 12-lead ECG test-
ing, have electrolyte levels tested and have a full 
history taken of prescription and recreational 
drugs. Opiate users should also be subject to 
additional ECG monitoring to ensure safe meth-
adone prescribing, even at relatively modest 
doses, because of additive effects. Concurrent 
cocaine use is also a potential issue, given that 
cocaine itself has cardiotoxic effects involving 
hERG channels.17 Finally, clinicians working in 
emergency settings should be mindful of QT 
prolongation in this population because it will 
affect safe management of behavioural distur-
bance. Due to their comparatively low propensity 
to prolong the QTc interval,18 benzodiazepines 
may be preferable to major tranquillisers as an 
initial approach for patients who have taken 
SCRAs who require sedation. For cases where 
benzodiazepines do not suffice or are contraindi-
cated, it should be noted that a recent meta-anal-
ysis found that intramuscular olanzapine was less 
likely to be associated with QT prolongation than 
haloperidol, making it the agent of choice for 
management of SCRA-related behavioural dis-
turbance where IM medication is required.19 It is 
worth noting that where IM olanzapine is given 
to patients already receiving benzodiazepines, 
and although a recent analysis has highlighted a 
lack of data causally linking this combination 
with severe adverse effects,20 careful monitoring 
to avoid respiratory depression is nevertheless 
probably prudent. Further work is certainly war-
ranted to evaluate the actions of key SCRAs on 
determinants of ventricular repolarization and to 
explore interactions between cardiac effects of 
these drugs and commonly used medications, 
including psychotropic drugs and methadone.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Conflict of interest statement
The authors declare that there is no conflict of 
interest.

ORCID iD
Jules C. Hancox  https://orcid.org/0000-0002 
-2055-6482

References
	 1.	 Mills B, Yepes A and Nugent K. Synthetic 

cannabinoids. Am J Med Sci 2015; 350: 59–62.

	 2.	 Andonian DO, Seaman SR and Josephson EB. 
Profound hypotension and bradycardia in the 
setting of synthetic cannabinoid intoxication - a 
case series. Am J Emerg Med 2017; 35: e5–940.e6

	 3.	 Winstock AR and Barratt MJ. Synthetic cannabis: 
a comparison of patterns of use and effect profile 
with natural cannabis in a large global sample. 
Drug Alcohol Depend 2013; 131: 106–111.

	 4.	 Winstock A, Lynskey M, Borschmann R, 
et al. Risk of emergency medical treatment 
following consumption of cannabis or synthetic 
cannabinoids in a large global sample. J 
Psychopharmacol 2015; 29: 698–703.

	 5.	 Ibrahim S, Al-Saffar F and Wannenburg T. A 
unique case of cardiac arrest following K2 abuse. 
Case Rep Cardiol 2014; 2014: 120607.

	 6.	 Von Der Haar J, Talebi S, Ghobadi F, et al. 
Synthetic cannabinoids and their effects on the 
cardiovascular system. J Emerg Med 2016; 50: 
258–262.

	 7.	 Yildiz SS, Sutasir MN, Sigirci S, et al. Acute 
effects of synthetic cannabinoids on ventricular 
repolarization parameters. Turk Kardiyol Dern Ars 
2019; 47: 384–390.

	 8.	 Ahmed T, Khan A and Robertson S. Cardiac 
arrest due to acquired prolonged QTc from K2 
spice: secondary ICD prophylaxis. J Am Coll 
Cardiol 2019; 73: 9(Suppl. 1). DOI: 10.1016/
S0735-1097(19)33525-9.

	 9.	 Yap YG and Camm AJ. Drug induced QT 
prolongation and torsades de pointes. HEART 
2003; 89: 1363–1372.

	10.	 Hancox JC, McPate MJ, El Harchi A, et al. The 
hERG potassium channel and hERG screening 

https://journals.sagepub.com/home/taw
https://orcid.org/0000-0002-2055-6482
https://orcid.org/0000-0002-2055-6482


4	 journals.sagepub.com/home/taw

Therapeutic Advances in Drug Safety 11

for drug-induced torsades de pointes. Pharmacol 
Ther 2008; 119: 118–132.

	11.	 Hasnain M and Vieweg WV. QTc interval 
prolongation and torsade de pointes associated 
with second-generation antipsychotics and 
antidepressants: a comprehensive review. CNS 
Drugs 2014; 28: 887–920.

	12.	 Yamaguchi M, Shimizu M, Ino H, et al. T 
wave peak-to-end interval and QT dispersion 
in acquired long QT syndrome: a new index for 
arrhythmogenicity. Clin Sci (Lond) 2003; 105: 
671–676.

	13.	 Yun J, Yoon KS, Lee TH, et al. Synthetic 
cannabinoid, JWH-030, induces QT prolongation 
through hERG channel inhibition. Toxicol Res 
(Camb) 2016; 5: 1663–1671.

	14.	 Rosenbaum CD, Carreiro SP and Babu KM. 
Here today, gone tomorrow...and back again? 
A review of herbal marijuana alternatives 
(K2, Spice), synthetic cathinones (bath salts), 
kratom, Salvia divinorum, methoxetamine, and 
piperazines. J Med Toxicol 2012; 8: 15–32.

	15.	 Zeltser D, Justo D, Halkin A, et al. Torsade de 
pointes due to noncardiac drugs: most patients 

have easily identifiable risk factors. Medicine 
(Baltimore) 2003; 82: 282–290.

	16.	 Vieweg WV, Hasnain M, Howland RH, et al. 
Methadone, QTc interval prolongation and 
torsade de pointes: case reports offer the best 
understanding of this problem. Ther Adv 
Psychopharmacol 2013; 3: 219–232.

	17.	 O’Leary ME and Hancox JC. Role of voltage-
gated sodium, potassium and calcium channels 
in the development of cocaine-associated cardiac 
arrhythmias. Br J Clin Pharmacol 2010; 69: 
427–442.

	18.	 Ozeki Y, Fujii K, Kurimoto N, et al. QTc 
prolongation and antipsychotic medications in a 
sample of 1017 patients with schizophrenia. Prog 
Neuropsychopharmacol Biol Psychiatry 2010; 34: 
401–405.

	19.	 Aronow WS and Shamliyan TA. Effects of atypical 
antipsychotic drugs on QT interval in patients with 
mental disorders. Ann Transl Med 2018; 6: 147.

	20.	 Williams AM. Coadministration of intramuscular 
olanzapine and benzodiazepines in agitated 
patients with mental illness. Ment Health Clin 
2018; 8: 208–213.

Visit SAGE journals online 
journals.sagepub.com/
home/taw

SAGE journals

https://journals.sagepub.com/home/taw
https://journals.sagepub.com/home/taw
https://journals.sagepub.com/home/taw



