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Abstract: Objective: The usage of synthetic can-

nabinoids (SCs) has increased both in Turkey and all

worldwide. Here, we evaluate if SCs cause ventricular

repolarization abnormalities using initial and after

12
th
-hour electrocardiograms in patients with acute in-

toxication of SCs. We examined changes in the QTc

and cTp-e parameters to demonstrate ventricular repo-

larization effects of the usage of SCs.

Material and Methods: We used a prospective

study design. Twenty patients were included who visi-

ted the emergency department, complaining of cloud-

ing of consciousness after using SCs. The QT, QTc and

Tp-e intervals and several other electrocardiographic

parameters were measured at baseline and 12 hours af-

ter the usage of SCs.

Results: The QRS duration was significantly dec-

reased (102.1 ± 15.5 ms vs 95.0 ± 10.7 ms; p = 0.022).

We noted a significant decrease in cQT measurements

at the end of the 12
th

hour (426.6 ± 47.2 ms vs 390.4 ±

42.9 ms; p = 0.002). Similarly, the Tp-e and cTp-e val-

ues decreased significantly when SCs lost its acute ef-

fect (93.4 ± 21.1 ms vs 77.4 ± 21.0 ms; p = 0.014, 105.3

± 28.5 ms vs 88.1 ± 21.5 ms; p = 0.01).

Conclusions: The usage of SCs affects ventricu-

lar repolarization heterogeneity based on QTc and

Tp-e intervals.

Keywords: Synthetic cannabinoids, Bonzai, ven-

tricular repolarization heterogeneity, adverse cardiova-

scular effects.

INTRODUCTION

The usage of synthetic cannabinoids (SCs) has in-

creased both in Turkey and all over the world. Synthe-

tic cannabinoids are psychoactive substances showing

similar agonistic effects on SC receptors such as �9-te-

trahydrocannabinole (�9-THC), which is the active

metabolite of cannabis (1). It has become more attracti-

ve than natural cannabinoid (i.e., marijuana) because

they are easily accessible, cheap and cannot be detec-

ted in blood using a routine toxicological examination.

Synthetic cannabinoids are widely used and sold in

many countries around the world. It is not accurate to

say that each of these brands is restricted to the region

indicated. Synthetic cannabinoids can be sold as ‘Spi-

ce’ in Europe, ‘K2’ in the United States or ‘Bonzai’ or

‘Jamaica’ in Turkey (2). More than 140 products have

been defined that include SCs (3). All of these prod-

ucts have different amounts and types of SCs and may

include psychoactive materials except SCs or sub-

stances expressing adrenergic effects. The potency

and the short half-life of SCs results in powerful ef-

fects. However, the heterogeneous structure of SCs

results indifferent clinical effects (4, 5). Hoyte et al.

(6) reported that the well-defined side effects of SCs

include nausea (in 10% of cases), vomiting (15.3%),

tachycardia (40.0%), bradycardia (1.3%), hyperten-

sion (8.1%), chest pain (4.7%), anxiety (23.4%), diz-

ziness/lethargy (7.3 %) in a study of 1353 individuals

(6). Some of the cases presented only cardiac symp-

toms. Acute ischemia, ventricular fibrillation and in-

tracranial events have been responsible for the death

of patients using SCs. Recently studies have demon-

strated the inhibitor effects of cannabinoids on myo-

cardial voltage-gated sodium channels and L-type

calcium channels independent of sympathetic nervo-

us system effects (7, 8).
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In this study, we evaluated whether SCs were re-

sponsible for ventricular repolarization abnormalities

using initial and 12th-hour electrocardiograms (ECGs)

in patients with acute intoxication resulting from SCs.

We examined changes in the QTc and cTp-e parame-

ters to demonstrate the ventricular repolarization ef-

fects of the usage of SCs.

MATERIAL AND METHODS

Patient population

The 20 patients included in this study presented

clouding of consciousness after using SCs when they

visited the emergency department. Patients with a his-

tory of any cardiac disease, liver failure or kidney fail-

ure were excluded. Patients using multiple drugs (e.g.,

ecstasy, cocaine, etc.) were excluded as well. All of the

patients were smokers with normal biochemical results

in the laboratory which effect the repolarization such

as calcium and potassium. Because of the importance

of the duration of ‘Bonzai’ usage, only patients who re-

membered how long they had used ‘Bonzai’ were en-

rolled in this study. All of the patients were carefully

evaluated for coronary ischemia. We evaluated ECGs,

symptoms and consecutive cardiac markers to rule out

acute coronary syndrome. Two patients with coronary

ischemia underwent a coronary angiography and were

excluded from the study. Written, informed consent

was obtained from each subject, and the institutional

Ethics Committee approved the study protocol (Ethics

Committee of Bursa Yuksek Ihtisas Education and Re-

search Hospital; 2011-KAEK-25 2016/01-07). All

procedures performed in study were in accordance

with the Helsinki declaration.

Study design

Standard 12-lead ECGs were recorded on a

12-channel electrocardiography recorder ( Cardipia 800,

Trismed, Republic of Korea ) for all of the patients in the

emergency department. The study was prospectively de-

signed and second ECGs were obtained at the end of the

12
th

hour according to the declaration of the usage of

‘Bonzai.’ All of the ECG recordings were scanned and

transferred to a computer and then magnified 300 times

using Adobe Photoshop (Location) software. Only one

observer who was unaware of the patients’ clinical status

measured the intervals and durations. The QT intervals

were measured from the onset of QRS to the end of the T

wave. When the end of the T wave could not be reliably

identified, the lead was not included in the analysis. Four

consecutive QT intervals in each of the six precordial le-

ads were measured and averaged. The QT interval was

corrected for heart rate using the Bazett formula:

QT/%R-R(cQT). We measured the Tp-e intervals from

the peak of the T wave to the end of the T wave. Similarly,

we corrected the Tp-e interval (cTp-e) for heart rate using

the RR interval: (Tp-e /%R-R).

Statistical analysis

All of the data are presented as mean values ± stan-

dard deviation (SD). Comparisons between two ECGs

baseline and after 12
th

hours were performed using paired

and unpaired Student’s t-tests. A p value less than 0.05

was considered to be statistically significant. All of the

statistical calculations were performed using the Statisti-

cal Package for Social Sciences 19.0 for Windows (SPSS

Inc., Chicago, IL, USA) statistical software package.

RESULTS

Patients admitted to the emergency department

with a history of recent usage of SCs were included to

the study. 10 patients (50%) experienced loss of consci-

ousness within one hour and somnolence after a few ho-

urs. We noted syncope in 3 patients and somnolence

(15%), confusion and disorientation in 5 patients

(25%).1 patient was admitted with bradycardia and

hypotension and one presented only bradycardia. In ad-

dition, nausea, vomiting, dizziness and drowsiness were

frequently observed in the patients. All of the patients

exhibited signs of agitation, anxiety and hallucination to

differing degree. The mean age of the 20 patients was 22

± 4.5 years. All of the patients were male. The mean

elapsed time between SCs usage and hospital admission

was 180 ± 24 min. None of the patients exhibited a hy-

pertensive response. At the end of the 12
th

hour, the pati-

ents’ mean blood pressure tended to decrease because

the effect of SCs had nearly ceased. However, it was not

statistically significant. The patients’ mean heart rate

was 76.2 ± 15.5 beats per minute (bpm). The patients’

mean heart rate at the end of the 12
th

hour was 71.8 ±

13.3 bpm (non-significant). Neurologists and internal

medicine specialists consulted with all of the patients.

The subjects were followed-up in the hospital unit for 24

hours. All of the patients were referred to the psychiatry

department for further evaluation.

The mean PR intervals was 149.071 ± 27.7 msec,

and the mean QRS duration was 102.143 ± 15.5 msec.

When SC lost its acute effect, the mean PR interval

was 140.1 ± 20.4 ms. However, it was not statistically

significant.

However, the QRS duration was significantly dec-

reased (102.1 ± 15.5 ms vs 95.0 ± 10.7 ms; p = 0.022).

When we evaluated the cQT measurements, we noted a

significant decrease at the end of the 12
th

hour (426.6 ±

47.2 ms vs 390.4 ± 42.9 ms; p = 0.002). Similarly, the

Tp-e and cTp-e values decreased significantly when

SC lost its acute effect (93.4 ± 21.1 ms vs 77.4 ± 21.0
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ms; p = 0.014, 105.3 ± 28.5 ms vs 88.1 ± 21.5 ms; p =

0.01 ). All of the data are presented in Table 1.

DISCUSSION

We evaluated the effects of SCs, which are increas-

ingly popular around the world, on ventricular repolariza-

tion. Synthetic cannabinoids have become a serious prob-

lem because they were legal when they were first relea-

sed. Additionally, they cannot be detected in screening

tests, and there is the perception that they are safer than

marijuana. More than 140 products are defined as contai-

ning SCs (3, 5), and they vary according to the type and

amount of SCs. Synthetic cannabinoids are being sold

with a combination of dried herbs after being synthesized

in the laboratory as an alternative to marijuana (5). In

Turkey, the name ‘Bonzai’ is used occasionally to refer to

SCs (5). Hermanns-Clausen et al. declared that the usage

of JWH-018 was abandoned in SC-containing products;

JWH-122 and JWH-210 were used instead after 2011 (9).

In contrast of this study, we found JWH-018 substance

when scanned recent studies from Turkey about ‘Bon-

zai’.JWH-018 in 1174 out of 1179 cases (99.4%) in a re-

port published by Gurdal et al. (4). In addition, 777 cases

(65.9%) contained both JWH-081 and JWH-018. Dyna-

mic changes in active ingredients are observed over time

throughout the world. However, all of these substances

are derived from the SC family and likely result in effects

on similar receptors.

Synthetic cannabinoids were developed to achie-

ve the curative effects. These substances bind to the

CB1 and CB2 receptors and exhibit similar effects as

tetrahydrocannabinol, which is the active substance in

marijuana (5). The CB1 receptors are primarily locali-

zed in the central and peripheral nervous system. Acti-

vation of CB1 receptors changes mood and perception,

and continued cannabis consumption elicits addictive

behavior (9). The CB2 receptors are largely localized

in the immune system. Synthetic cannabinoids have

typically agonistic effects on CB1 receptors. Synthetic

cannabinoids have a stronger affinity to CB1 receptors,

which makes them more powerful than �9THC (10,

11). There are different usage presentations of SC, and

some effects are associated with the cardiovascular

system. A first effect is myocardial ischemia. There is

few mechanisms known to be responsible for myocar-

dial infarction due to the usage of addictive substances

(11). A 2001 study by Mittleman et al. presented clear

evidence for a relationship between marijuana and

myocardial infarction (12). This can be explained by

norepinephrine release and stimulation of the sympat-

hetic system. Myocardial O2 demands increase with

tachycardia induced by the stimulation of the sympat-

hetic system, which results in ischemia. In addition,

norepinephrine release with sympathetic nervous sys-

tem stimulation results in vasoconstriction and worse-

ning of myocardial ischemia (11). In our series, one pa-

tient exhibited vasospastic angina, and another exhibi-

ted atherosclerotic plaque rupture in coronary angio-

grams. However, our goal was to evaluate ventricular

repolarization dynamics independent of acute coro-

nary ischemia. Therefore, we excluded these two pati-

ents from our study. All of the patients that evaluated

showed symptoms including angina and equivalents of

angina, ECG and cardiac marker analysis. Only pati-

ents without ischemia enrolled in the study; patients

with ischemia or suspicions of ischemia were excluded

from the study. The second effect of SCs ranges from

myocardial depression to conduction abnormalities via

cannabinoids receptors. These effects result from the

strong binding of cannabinoids to CB1 receptors. This

action mechanism of SCs on cannabinoid receptors

may cause bradycardia, tachycardia, hypotension, hy-
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Table 1. Hemodynamic and electrocardiographic findings on admission and at the 12th hour

Baseline 12
th

hour later
p

valuemean SD

(n = 20)

mean SD

(n = 20)

Heart rate (bpm) 76.2 ± 15.5 71.8 ± 13.3 NS

Systolic BP (mmHg) 128 ± 6.9 121 ± 6.1 NS

Diastolic BP (mmHg) 78 ± 6.1 72 ± 5.9 NS

PR interval (ms) 149.0 ± 27.7 140.1 ± 20.4 NS

QRS duration (ms) 102.1 ± 15.5 95.0 ± 10.7 0.022

QTinterval (ms) 382.1 ± 42.2 376.0 ± 36.0 NS

QTc interval (ms) 426.6 ± 47.2 390.4 ± 42.9 0.002

Tp-e (ms) 93.4 ± 21.1 77.4 ± 21.0 0.014

cTp-e (ms) 105.3 ± 28.5 88.1 ± 21.5 0.010

BP: Blood pressure, bpm: Beats per minute, ms: millisecond, NS: Non-significant.



pertension, seizures and QT prolongation (13, 14). Ku-

cuk et al., in a study conducted in Turkey, reported that

37 out of 112 patients had cardiac side effects. Nine-

teen of these patients (20%) had chest pain and 18 out

of the 112 patients (16%) presented palpitation (15).

One patient presented bradycardia and hypotension,

and another patient presented bradycardia alone. Initial

blood pressure and heart rate were higher in the remai-

ning 18 patients compared with the values at the end of

the 12
th

hour. However, this finding was not statisti-

cally significant. The effects of endocannabinoids on

contractility and calcium signaling have been shown

via both cannabinoid receptors and a direct effect on

ion channels (14). Small studies have suggested that

endogenous cannabinoids such as anandamide show

negative inotropic and antiarrhythmic effects using

voltage gate sodium channels and L-type calcium

channels independent from sympathomimetic activity

(7, 8). Animal studies have demonstrated that SCs cau-

se bradycardia; in particular, HU-210 had a negative

chronotropic effect (13). Bui et al. reported a case of

marijuana with QT prolongation upon initial admis-

sion. In this case report, pathological QT prolongation

was determined with the usage of marijuana in

34-year-old female patient (16). Von Der Haar et al.

(14) reported a two different cases QT prolongation

due to usage of SCs. These cases raise concerns about

the adverse effects of SCs and the possibility of QTc

prolongation and subsequent complications when us-

ing antipsychotic medication in the presence of SC

abuse (13). The QT and cQT intervals were signifi-

cantly prolonged compared with the end of the acute

effect of SCs in our cases. QT prolongation may be har-

mful in patients with underlying disease such as coro-

nary artery disease and rhythm abnormalities such as

hereditary or acquired long QT syndromes. In these su-

bjects, QT intervals may attain the critical values and

be life-threatening with the usage of SC.

Recent studies have demonstrated that the Tp-e in-

terval, which is the terminal part of QT interval and defi-

ned as the duration from the peak to the end of the T wa-

ve, is a useful index for evaluating cardiac repolarization

(17). Siciouri et al. (17) described the relation between

ventricular arrhythmias and the Tp-e interval. The middle

myocardial M cells have a longer action potential dura-

tion then other cells. The peak of the T wave exhibits the

terminal part of epicardial action potential where the end

of the T wave shows the end of the mid-myocardial ac-

tion potential (17). Therefore, the Tp-e interval is a re-

flection of the dispersion of repolarization and can be

helpful for predicting the risk of developing life-threaten-

ing arrhythmias (18). This hypothesis was studied and

evidenced in patients with hypertrophic cardiomyopathi-

es (19), arrhythmogenic right ventricular dysplasia (20)

and other pathophysiological conditions. In our study, we

examined the Tp-e and cTp-e intervals immediately after

the usage of SC . The data before and after SC were sig-

nificantly different. The Tp-e and cTp-e intervals were

significantly prolonged with the usage of SC. The prolon-

gation of the Tp-e and cTp-e intervals is important for

predicting ventricular repolarization abnormalities. In our

study, there were no life-threatening arrhythmias detected

during the follow-up period, which was only approxima-

tely 12 hours. However, overdose or chronically usage

may induce lethal arrhythmias and cause prolongation of

ventricular repolarization.

Study limitations

The most substantial limiting factor of this study

was that the substance was not toxicologically classi-

fied. Verbal statements of patients who visited the emer-

gency department were taken as truth; patients who sta-

ted that they used multiple drugs were excluded from

the study. For active substances, failure to achieve iden-

tification in a toxicology laboratory was the most sub-

stantial limiting factor of this study. Routine screening

tests for SCs are not being utilized yet in hospitals of the

Ministry of Health (i.e., our clinic). Another limiting

factor was the small number of patients. The primary

explanation for our small cohort of patients was that a

large fraction the patients declared that they used multi-

ple drugs; these individuals were accordingly excluded

from the study. The illegality of SC made it difficult to

recruit participants and follow up on cases.

CONCLUSIONS

We have demonstrated that the use of SCs slows

down ventricular repolarization and lengthens the QTc,

Tp-e and cTp-e intervals clinically. This situation may re-

sult in the lengthening of the QT interval in pathological

limits and the development of vital arrhythmias in pati-

ents with underlying ischemic heart diseases or patients

with long QT syndrome. Some of cardiac-related deaths

may be correlated with ischemia, and some of them may

be dependent on arrhythmia. Additional electrophysiolo-

gical studies are required to address this issue.
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Uvod: Upotreba sintetskih kanabinoida je u pora-

stu, kako u Turskoj, tako i {irom sveta. U ovoj studiji,

evaluirali smo da li sintetski kanabinoidi izazivaju po-

reme}aj ventrikularne repolarizacije analizom inicijal-

nog elektrokardiograma i elektrokardiograma nakon

12h, kod pacijenata sa akutnom intoksikacijom sintet-

skim kanabinoidima. Pratili smo promene QTc i cTp-e

parametara kako bi demonstrirali uticaj sintetskih ka-

nabinoida na ventrikularnu repolraizaciju.

Materijal i Metode: Sproveli smo prospektivnu

studiju. Uklju~eno je 20 pacijenata koji su posetili hit-

nu slu`bu, `ale}i se na pomu}enje svesti nakon konzu-

miranja sintetskih kanabinoida. QT, QTc i cTp-e inter-

vali i odre|eni elektrokardiografski parametri inicijal-

nog elektrokardiograma i elektrokardiograma nakon

12h su mereni.

Rezultati: QRS interval je bio zna~ajno produ-

`en (102.1 ± 15.5 ms vs 95.0 ± 10.7 ms; p = 0.022).

Zapa`eno je i zna~ajno produ`enje cQT intervala na

kraju 12og sata (426.6 ± 47.2 ms vs 390.4 ± 42.9

ms; p = 0.002). Sli~no, Tp-e i cTp-e vrednosti zna-

~ajno su porasle kada su sintetski kanabinoidi izgu-

bili svoj akutni efekat (93.4 ± 21.1 ms vs 77.4 ±

21.0 ms; p = 0.014, 105.3 ± 28.5 ms vs 88.1 ± 21.5

ms; p = 0.01).

Zaklju~ak: Konzumiranje sintetskih kanabinoida

uti~e na heterogenost ventrikularne repolarizacije su-

de}i po QTc i Tp-e intervalima.

Klju~ne re~i: sintetski kanabinoidi, Bonzai, hete-

rogenost ventrikularne repolarizacije, negativni kardi-

ovaskularni efekti.
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