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Abstract
Synthetic cannabinoids (SCBs) are widely used recreational substances especially among adults. Although they have been 
considered as safe during the marketing process, our knowledge about their adverse effects has evolved since years. SCBs are 
associated with various cardiac events including acute myocardial infarction and sudden cardiac death. There is also growing 
evidence that SCBs are associated with cardiac arrhythmia development both in acute and chronic exposure. SCBs have been 
shown to be associated with both supraventricular and ventricular arrhythmias. However, the exact mechanism of the SCB 
related arrhythmia remains unknown. Understanding the exact association and possible mechanisms may help us to identify 
high risk patients at an early stage and to develop treatment modalities to prevent or reverse the arrhythmic effects of SCBs.

Keywords Synthetic cannabinoid · Arrhythmia · Cardiovascular system · Supraventricular arrhythmia · Ventricular 
arrhythmia

Introduction

Synthetic cannabinoids (SCBs) were firstly generated in the 
early 1960s after the discovery of the structure of Delta-9 
tetrahydrocannabinol (THC) [1, 2]. Endocannabinoid system 
(ECS) plays significant roles in many physiological func-
tions such as cognitive processes, memory, motor control, 
pain sensation, appetite and homeostasis and also in cardio-
vascular system, gastrointestinal system and immune system 
regulation. Therefore, cannabinoids have been synthesized 
for medical researches and therapeutic purposes. SCBs were 
developed during the researches of the ECS as possible ther-
apeutic agents [3, 4]. They first took place on the markets as 
herbal blends and presented as ‘legal highs’ in 2000s [4, 5].

Pharmacologic component of SCBs remains unclear. 
Delta-9 THC, which is the major psychoactive component 
of natural cannabis, exposes its effect as a partial agonist 
at cannabinoid type 1 (CB1) receptors, which are present 
in the brain and nervous system [3, 6]. SCBs were devel-
oped to mimic the effects of THC, and they act as potent 
cannabinoid receptor agonists. They are full agonists of 
CB1 and CB2 receptors and reported to be up to 170 times 
more potent than THC [7]. There are various commercially 
available SCB types created as JWH-018, JWH-073, JWH-
398, JWH-250, HU-210, and CP 59,540, CP-47,497, and 
their homologous forms; and oleamide [2, 8, 9]. Illustrative 
molecular structures of delta-9 THC and JWH-018 are rep-
resented in Fig. 1. CB1 receptors are located in the nervous 
system, liver, muscle and fat tissues, while CB2 receptors 
are located in immune system tissues, spleen and peripheral 
tissues [3, 4, 6]. CB2 receptors can also be induced in other 
tissues in pathological conditions. In addition, functional 
CB1 receptors are also present in the heart and vascular sys-
tem at low levels [7].

Preclinical and clinical studies have suggested that 
increased endocannabinoid levels and CB-1 receptor activa-
tion may take place in the pathogenesis of hypotension and/
or cardiac dysfunction, obesity development and impaired 
glucose tolerance [10]. In addition, previous findings pro-
posed that CB-1 and CB-2 receptors may play roles in 
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adjusting cardiometabolic risk, atherogenesis and may also 
have protective roles in limiting cardiomyocyte damage [7, 
11]. In healthy volunteers, CB-1 receptor activation may 
lead undesirable hemodynamic results such as bradycardia/
tachycardia, hypotension and arrhythmias depending on the 
duration of use [10, 12]. Low but functional CB-1 receptors 
are expressed in the heart—especially in the myocardium, 
where they mediate negative inotropy and vasodilatation. 
CB-1 receptors can also modulate cardiovascular functions 
by activating vagal afferent neurons [4, 6, 7]. CB-2 receptors 
are expressed in cardiomyocytes, coronary artery endothe-
lial cells and smooth muscle cells [6]. Based on the current 
literature, CB-2 receptors may play cardioprotective role by 
limiting tissue inflammation and injury in various cardiovas-
cular situations [6, 13]. Apart from the cannabinoid receptor 
activation, THC may cause vasodilatation through transient 
receptor potential ankyrin type-1 (TRPA-1) channels and 
NO-mediated or NO-independent mechanisms and also as 
yet undetected endothelial sites of action [4, 6].

SCBs have been very popular among adults day by day 
due to the fact that they are very cheap, easy to find, have 
potent psychoactive effects. In addition, their chemical 
structure can be changed easily, which makes them hard to 
detect in routine toxicological tests [14]. Until today, more 
than 140 SCB products have been identified [2]. At the first 
years of marketing process, it was considered as an innocent 
and relatively safe drug compared to other substances. How-
ever, it did not look like as demonstrated in several cases of 
patients and studies. They caused major side effects such as 
hypertension, hypotension, bradycardia, tachycardia, agita-
tion, psychosis, nausea and vomiting [14–16]. In addition, 
case reports and clinical studies have suggested a linkage 
between acute/chronic cannabis and/or SCBs use with seri-
ous adverse cardiovascular effects such as stroke, myocardial 
infarction, cardiomyopathy and cardiac arrest [7]. Although 
there are some data about the arrhythmic effects of SCBs, 
there is lack of well-defined clinical studies. Besides, the 
possible mechanisms of arrhythmic effects of SCBs are not 
fully known. Accordingly, in this review article we aimed to 
discuss the effects of SCBs on the electrical conduction sys-
tem of the heart both at the supraventricular and ventricular 
level in the light of the previously published reports.

Supraventricular Arrhythmia

Cardiac arrhythmia is defined as deflection of heart rate 
and/or rhythm from the physiologically normal ranges and 
divided into two groups according to its origin named as 
supraventricular and ventricular. Supraventricular arrhyth-
mia is defined as an arrhythmia originating above the bun-
dle of His [17, 18]. It refers to arrhythmias originating 
from the atrium of the heart [19]. Supraventricular tachy-
cardia (SVT) is the most common type of arrhythmia all 
over the world and classified in multiple categories. The 
classification, clinical presentation and pathophysiological 
mechanisms of SVTs have been discussed in detail in pre-
vious review articles [17, 18, 20, 21]. Therefore, we guide 
readers to these papers for detailed clarification.

SCB-related SVT reports were published in the litera-
ture previously. Dogan et al. reported a case of a patient 
admitting to emergency department with atrial fibrilla-
tion (AF) and giant Osborn waves, who stayed outside in 
extreme cold for extended times, and suffering from hypo-
thermia after SCB consumption [22]. It should be noted 
that it is not possible to distinguish whether hypothermia 
or SCB consumption precipitated AF in this patient. Efe 
et al. reported a patient who used solely SCB for the first 
time and admitted to emergency department with AF and 
recovered spontaneously to sinus rhythm [23]. A system-
atic review, which investigated the admission symptoms 
of patients suffering from SCB toxicity to emergency 
departments, found that tachycardia was the most present-
ing symptom in these patients [16]. However, this study 
did not aim to describe the type of tachycardia. Orsini 
and colleagues described a case of a patient presenting to 
hospital with seizures and acute respiratory failure after 
K2 consumption, who needed intensive care unit therapy. 
The patient’s rhythm was consistent with sinus tachycardia 
at admission [24]. There are also cases of SVT patients 
in the literature, who admitted to emergency departments 
after consumption of various forms of SCBs and needed 
hospital stay for recovery [25, 26]. Lam et al. described 
a case of a patient, who consumed AB-FUBINACA and 
ADB-FUBINACA and presented a short SVT attack. Tox-
icological analysis revealed 5.6 ng/mL AB-FUBINACA 
and 15.6 ng/mL ADB-FUBINACA in the serum sample 
collected at presentation [26]. In addition to SVT, there 
are also cases of patients presenting with sinus bradycardia 
and hypotension after exposure to SCBs [9]. Aksel et al. 
reported two patients admitting to emergency department 
with sinus bradycardia and hypotension, which resolved 
quickly after intravenous lipid emulsion therapy [27]. Wes-
tin et al. described a case resulting with death, who was 
found in cardiac asystole after SCB consumption. Toxi-
cological analysis was performed from the serum sample, 

Fig. 1  Molecular structures of delta-9 THC and JWH-018
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which was obtained 2 h later the victim was found and 
revealed 1.4 ng/mL MDMB-CHMICA, 1.5 ng/mL THC 
and mirtazapine at subtherapeutic levels [28].

We have very limited information about whether chronic 
exposure to SCBs induces cardiac arrhythmia. Sunbul et al. 
investigated the electrocardiographic parameters in chronic 
SCB users and found that patients consuming SCB have 
increased P wave dispersion values compared to control 
group patients, which is a non-invasive marker of inhomoge-
neous and discontinuous sinus impulse propagation through 
the atrium known as the main electrophysiological mecha-
nism for AF development. In addition, they also showed that 
P wave dispersion values significantly correlated with the 
addiction severity of the patients [29]. In a recent study pub-
lished by our study group, we showed significantly higher P 
wave dispersion values, P wave area in lead two and abnor-
mal P terminal force values in  V1 derivation in chronic SCB 
users compared to control group patients demonstrating an 
increased risk of atrial arrhythmia development [30].

Ventricular Arrhythmia

Ventricular conduction system, which consists of 1% of the 
ventricles’ total mass includes His bundle, right and left bun-
dle branches and Purkinje fiber network. QT interval is a 
measure of ventricular activity on electrocardiography [31]. 
Ventricular arrhythmias vary from single premature ven-
tricular complexes to sustained ventricular tachycardia and 
ventricular fibrillation. Sustained ventricular arrhythmias are 
the most common cause of sudden cardiac death [32].

There are cases of patients in the literature presenting 
with ventricular arrhythmias including sudden cardiac death 
after SCB consumption. Von Der Haar et al. reported two 
cases of patients with SCB abuse with QTc prolongation 
and second-degree atrioventricular block type 1 [33]. In 
addition, Nacca and colleagues reported a case of a sinus 
bradycardia patient, who consumed SCB and progressed 
to second-degree atrioventricular block type 1 accompany-
ing coma, seizures and hypoglycemia. The patient required 
intensive care unit stay and surgery in order to treat the toxic 
effects of the substance. Toxicological analysis at 6th day of 
hospital stay revealed 34 ng/mL ADB-FUBINACA in the 
serum of the patient [34]. Although the chemical structure of 
AB-FUBINACA differs from ADB-FUBINACA by a single 
methyl group, it was demonstrated to induce bradycardia 
in a rat model, which could be reversed by CB1 receptor 
antagonist rimonabant [35]. Left bundle branch block due 
to SCB consumption was also reported in the literature, 
which recovered after intravenous lipid emulsion therapy 
[27]. Davis et al. reported a teenage female patient with ven-
tricular fibrillation after SCB consumption [15]. Yamanoğlu 
et al. described a patient suffering from recurrent ventricular 

fibrillation attacks and cardiogenic shock associated with 
SCB consumption [36]. Similarly, Ibrahim et al. reported 
a patient, who developed ventricular fibrillation after SCB 
consumption and treated successfully in the intensive care 
unit [37]. Effects of SCBs on ventricular arrhythmia devel-
opment risk have been investigated in previous animal and 
human studies. Yun et al. investigated the effects of vari-
ous forms of SCBs including JWH-030, JWH-210, JWH-
250 and RCS4. They performed experiments of cytotoxic-
ity, human ether-a-go–go-related (hERG) channel activity, 
action potential duration (APD) and QT interval duration 
in vitro, ex vivo and in vivo. All of the SCBs reduced H9c2 
cell viability in different doses, while JWH-030 was the 
most toxic among them by partly inducing apoptosis. The 
mechanism of JWH-030 induced cytotoxicity was through 
CB2 receptor activation rather than CB1 receptor activa-
tion. JWH-030 also inhibited hERG channel activity in H9c2 
cells. To investigate the APD, the authors of the study used 
rabbit Purkinje fibers and observed that JWH-030 signifi-
cantly reduced APD; however, JWH-210 had no effect on 
APD. In addition, JWH-030 reduced left ventricular end 
diastolic pressure in isolated rat hearts, while JWH-210 had 
no effect. Intravenous administration of 0.5 mg/kg but not 
0.1 mg/kg JWH-030 increased QT parameters on electrocar-
diogram with no effect on heart rate [38]. In our study group, 
we also demonstrated significantly higher QT interval levels 
in chronic SCB users compared to control group patients, 
although QT levels were within normal levels in both of the 
groups [30].

Supraventricular and ventricular arrhythmia cases associ-
ated with SCB consumption published in the literature are 
presented in Table 1.

Possible Mechanisms of Arrhythmia

The exact mechanism underlying acute and chronic arrhyth-
mic effects of SCBs is not well known. Understanding this 
mechanism both at the molecular and cellular levels may 
help to achieve new treatment modalities to prevent SCB-
induced arrhythmic events. However, it should be noted that 
there may be more than one mechanism and the emerging 
effects may be case dependent. In addition, studies aiming to 
explain the relationship mostly originate from animal model 
studies or in vitro studies.

THC, which is the main psychoactive molecule of SCBs, 
activates sympathetic nervous system at low or moderate 
doses causing tachycardia and cardiac output increase, which 
is partly mediated by catecholamines. This process increases 
myocardial oxygen demand and tachycardia response of 
the heart may contribute to arrhythmia development. On 
the contrary, high dosage consumption of THC activates 
parasympathetic nervous system resulting with bradycardia 
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and hypotension [7, 39, 40]. Therefore, it is reasonable to 
speculate that altered autonomic nervous system control by 
consumption of SCBs may disrupt conduction system of the 
heart subsequently causing arrhythmia both at the supraven-
tricular and ventricular level.

It is known that myocardial tissues, vascular endothe-
lial and smooth muscle cells express cannabinoid recep-
tors in the heart [7]. The role of cannabinoid receptors in 
physiological and pathological conditions of the heart has 
been discussed in detail in previous review articles [41] 
and briefly in previous sections of this paper. In the light 
of the available literature, it is reasonable to remark that 
interaction between cardiac contractility and CB receptors 
is complex and includes contribution of the nervous system 
and local physiological and pathological cardiac mecha-
nisms. Although it is unclear that CB receptors residing in 
the heart directly contribute to supraventricular and/or ven-
tricular arrhythmia development, we need future studies to 
identify which receptor at which degree contributes to these 
processes.

SCBs were demonstrated to inhibit  Na+ channels and 
 Na+/Ca+ exchanger in rat myocytes, which could contribute 
to arrhythmia development [42]. Ajulemic acid, which is a 
form of SCB, was shown to inhibit voltage-gated sodium 
channels in human embryonic kidney 293t cells [43]. In 
addition, it was shown that intravenous administration of 

CB receptor agonists such as HU-210, ACPA, methanan-
damide and anandamide caused bradycardia in rats. In this 
study, methanandamide, HU-210 and ACPA did not alter 
electrophysiological activity in the heart, while anandamide 
increased QRS duration. HU-210 induced negative chronot-
ropy by CB1 receptor activation in rats, and chronotropic 
effects observed in this study were free from autonomic 
nervous system activation [44]. In another study published 
by Li et al. anandamide was demonstrated to decrease APD 
and block L-type  Ca+ channels through CB1 receptors in rat 
cardiac myocytes in a dose-dependent manner [45]. Endo-
cannabinoids and cannabinoid analogues were also shown 
to inhibit human cardiac Kv1.5 channels [46]. In a previ-
ous experimental study published by Yun and colleagues, 
a type of SCB, JWH-030, was demonstrated to prolong QT 
interval in rats. Although hERG channel inhibition is known 
to be associated with APD prolongation, in this study JWH-
030 shortened APD, while blocking hERG channels. This 
conflicting result may be due to contribution of other ion 
channels such as  K+,  Na+ and  Ca+ related to action poten-
tial (AP) induction as discussed by the authors [38]. There 
are also complicated study results about the effects of THC. 
For example, THC at various doses exerted no effects on 
AP parameters in sheep cardiac purkinje fibers. As distinct, 
0.1 μM THC increased APD significantly in this study [47]. 
In this context, it is reasonable to speculate that molecular 

Table 1  Clinical arrhythmias associated with synthetic cannabinoid consumption

ED emergency department, F female, ICU intensive care unit, ILE intravenous lipid emulsion, IVF intravenous fluid, M male

Supraventricular arrhythmias Age Gender Type of SCB Type of toxicity Therapy References

– Sinus tachycardia 24 M N/A Acute ILE therapy [51]
28 M N/A Acute ILE therapy [51]
41 M K2 Acute ICU stay [24]

– Atrial fibrillation 22 M N/A Acute Follow-up in ED [22]
23 M N/A Acute ICU stay [23]

– Sinus bradycardia 19 M Bonzai Acute ILE therapy [27]
15 M Bonzai Acute ILE therapy [27]
41 M K2 Acute IVF therapy in ED [9]
35 M K2 Acute IVF therapy in ED [9]
53 M K2 Acute IVF therapy in ED [9]

– Supraventricular tachycardia 48 M JWH-018 Acute Hospital stay [25]
24 M AB-/ADB-FUBINACA Acute IVF therapy in ED [26]

– Asystole 22 M MDMB-CHMICA Acute Death [28]
Ventricular arrhythmias
 – Left bundle branch block 35 M Bonzai Acute Death [27]
 – QT prolongation 29 M K2 Acute Follow-up in ED [33]
 – Atrioventricular block 45 M K2 Acute Follow-up in ED [33]

38 M ADB-FUBINACA Acute ICU stay and surgery [34]
 – Ventricular fibrillation 16 F N/A Acute ICU stay [15]

26 M N/A Acute ICU stay [36]
56 M K2 Acute ICU stay [37]
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and cellular basis of SCB-induced cardiac arrhythmias may 
be more complex than thought and involve various ionic cur-
rents. Diverse effects of various SCB forms at different doses 
demonstrated in previous studies may be an explanation of 
various case presentations at the clinical level [38, 48].

In a recent study, higher inflammatory system cell counts 
were demonstrated in chronic SCB users [49]. In addition, 
SCB consumption is associated with electrolyte imbalances 
such as hypokalemia [50]. However, the hypothesis that 
whether inflammatory system activation and/or electrolyte 
imbalance plays role in arrhythmia mechanism needs to be 
tested in further studies. It should also be noted that primary 
cardiac diseases such as cardiomyopathy, valvular diseases, 
sudden cardiac death or myocardial infarction either associ-
ated with SCB consumption or independently may cause 
cardiac arrhythmias, which is not in the scope of this review.

Future Perspectives

SCBs have been attracting as recreational substances all over 
the world since years. However, they are associated with 
serious adverse cardiac events including acute myocardial 
infarction and sudden cardiac death. They are also associ-
ated with arrhythmic events as evidenced by case reports, 
preclinical and clinical studies in the literature. However, 
there are crucial issues need to be clarified in this era. Firstly, 
there is not much clinical study in the literature to make a 
direct conclusion whether SCBs are associated with cardiac 
arrhythmia or not. Higher P wave dispersion was demon-
strated in patients consuming SCBs, which was associ-
ated with the patients’ addiction severity [29]. In another 
study published by our group, higher P wave dispersion and 
QT interval levels were demonstrated in SCB consuming 
patients compared to control group patients [30]. However, 
several limitations of these papers such as lack of arrhyth-
mia documentation, depending patients’ self-reports, limited 
patient numbers, lack of female gender, investigating chronic 
consumption instead of acute toxicity etc. should be kept in 
mind and these limitations hampers to make a direct conclu-
sion. Although there are case reports demonstrating a direct 
relationship, it is clear that we need stronger, well-designed 
clinical studies. The second issue is about whether all types 
of SCBs induce cardiac arrhythmia. The answer of this ques-
tion mostly comes from experimental studies with varying 
results. It is not possible to detect SCBs in routine drug 
screening tests in humans. Although they can be detected 
from body fluids by complex spectrometric analyses, these 
tests are performed in specialized clinical laboratories with 
high costs and time, which limits their clinical adaptabil-
ity. Besides, the chemical structure of these agents can be 
changed easily, which limits their detectability in the tests 
[1]. Therefore, agent-specific analyses can be investigated in 

animal models or in vitro studies rather than human studies. 
However, translation of these bench study results to a clini-
cal degree is another problematic issue. The third question is 
about whether these arrhythmic effects can be reversed by a 
specific treatment. At present, there is not a clinically avail-
able antidote of SCBs. Cannabinoid system receptor antago-
nists are under investigation for this purpose. Intravenous 
lipid emulsion therapy has been demonstrated to reverse 
arrhythmic episodes in acute SCB toxicity in case reports 
[27, 51]; however, it should be investigated in future studies.

Conclusion

SCB-related cardiac toxicity either presenting with acute 
or chronic arrhythmic conditions is a significant problem 
in the cardiovascular era. In the light of the previously pub-
lished reports and studies, it is reasonable to speculate that 
arrhythmic effects of SCBs are mainly related to acute con-
sumption and vary from non-lethal arrhythmias to sudden 
cardiac death. From a pathophysiological point of view, this 
effect may be more complex than thought at cellular and 
molecular level, due to the contribution of various recep-
tors, ion channels and diversity of agents and their contents. 
In addition, chronic exposure to SCBs is also related with 
electrocardiographic abnormalities, which may be a sign of 
arrhythmia development in the long term. As our clinical 
experience develops with new reports and studies, we get 
one step closer for the solution of the matter. However, we 
need future studies in a multidisciplinary approach including 
basic scientists, pharmacologists and cardiologists.
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