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Abstract
The cardiotoxic effects of synthetic cathinones remain largely unknown. In this study, we present two cases, a case series 
and a scoping review, to explore synthetic cathinone associated cardiotoxicity. Case 1 involved a 28-year-old male with 
non-ST-elevation myocardial infarction after ingesting a substance containing 4-methylmethcathinone (4-MMC), 3-methyl-
methcathinon (3-MMC), and methcathinone. Case 2 involved a 49-year-old male with ventricular fibrillation after 4-meth-
ylmethcathinone ingestion, who was diagnosed with severe three-vessel disease. A retrospective analysis was performed 
on self-reported synthetic cathinone poisonings reported to the Dutch Poisons Information Centre from 2012 to 2022. A 
total of 222 mono-intoxications with cardiotoxicity were included, mostly involving 3-methylmethcathinon (63%). Often 
tachycardia, hypertension, palpitations, and chest pain were reported. A comprehensive literature search was performed on 
PubMed to identify the studies reporting cardiac arrest, myocardial infarction, cardiac inflammation, cardiomyopathy, and 
life-threatening arrhythmias following synthetic cathinone use. A total of 30 articles reporting 40 cases were included. The 
reported complications included cardiac arrest (n = 28), ventricular tachycardia (n = 4), supraventricular tachycardia (n = 1), 
ST-elevation myocardial infarction (n = 2), non-ST-elevation myocardial infarction (n = 2), cardiomyopathy (n = 1), and myo-
carditis (n = 2). A total of ten different associated synthetic cathinones were identified. Cardiac arrest, myocardial infarction, 
and ventricular arrhythmias have been reported following the use of synthetic cathinones, underscoring the importance of 
obtaining a detailed recreational drug use history from patients presenting with syncope, chest pain, or palpitations.
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Introduction

Synthetic cathinones are analogues of the Chatha Edulis 
plant (Khat), which is used for its psychostimulant effects 
[1]. Synthetic cathinones augment monoamine transmis-
sion [2].This effectuates elevated intrasynaptic levels of 
dopamine, serotonin, and noradrenaline, either by inhib-
iting reuptake or by enhancing release of the monoam-
ines [3, 4]. They structurally resemble methamphetamine 
[4]. Synthetic cathinones initially included 3,4-methyl-
enedioxypyrovalerone (MDPV), 4-methylmethcathinone 
(mephedrone; 4-MMC), and 3,4-methylenedioxymeth-
cathinone (methylone; MDMC) [5]. In recent years, the 
chemical structure has been altered in order to avoid legis-
lation, resulting in at least 156 different types of synthetic 
cathinones [6]. In 2016, the five most commonly seized 
cathinones in Europe were alpha-pyrrolidinopentiophe-
none (α-PVP), 4-chloromethcathinone (4-CMC), 3-chlo-
romethcathinone (3-CMC), 4-MMC, and 3-methylmeth-
cathinone (3-MMC) [7].

Due to the changing pharmacodynamic profiles, many 
clinical effects are unknown, although cardiovascular, neu-
rological, and psychopathological symptoms have been 
reported, including tachycardia, hyperthermia, insomnia, 
agitation, hallucinations, delusions, and confusion [3]. 
Since the use of Khat has been suggested as a risk factor 
for acute coronary syndrome, it can be expected that syn-
thetic cathinones also cause cardiovascular complications 
[8]. With an increase in popularity of these new designer 
drugs and a variability of pharmacodynamic profiles, phy-
sicians face a challenge in recognizing and treating their 
side effects [6, 9].

The aim of this case series and scoping review was to 
investigate cardiotoxicity in association with the use of 
synthetic cathinones. Two exemplary cases, a case series 
from Poisons Information Centre data and an overview of 
previously reported cases on cardiotoxicity after synthetic 
cathinone use, are reported.

Methods

Cases

Blood was taken peripherally (brachial vein). Urine toxi-
cology screening was performed using the Triage® TOX 
Drug Screen. Urinary toxicology screening was done with 
a panel of immunoassays (Triage, Alere). Comprehensive 
toxicological screening in serum was performed using 
the Toxtyper® a LC–MSn method with a Tox-library of 
prescription, over-the-counter and recreational drugs. The 

Toxtyper® is unable to differentiate between 3-MMC and 
4-MMC. To distinguish the presence of 3-MMC and/or 
4-MMC, samples were send to the Dutch National Institute 
for Public Health and environment (RIVM). First, a gen-
eral screening was performed, using a Waters Acquity™ 
ultraperformance liquid chromatography (UPLC) system, 
to confirm the presence of 3-MMC or 4-MMC and pos-
sibly other active substances. Chromatographic and mass 
data were acquired and analyzed using Waters MassLynx 
v4.1 software. After the screening, the identity of 3-MMC 
and the absence of 4-MMC were confirmed and quantifi-
cation was performed by an analysis on a Shimadzu Nex-
era X2 ultraperformance liquid chromatography system 
(UHPLC). Informed consent by both patients was granted.

Case Series

The Dutch Poisons Information Centre provides a 24/7 
telephone service for the management of acute poison-
ings, for health care professionals only, serving the entire 
Dutch population of 17.5 million inhabitants. During every 
telephone consultation, an electronic case record form is 
completed and stored in the center’s database. Anonymous 
data are routinely collected on patient (e.g., age and gender) 
and exposure characteristics (e.g., substance[s], reason for 
exposure), as well as on toxicity (symptoms present before 
or during the inquiry). The exposure data in the database 
generally lack analytical confirmation and are based on 
patient self-reported recreational drug use. For this study, 
a retrospective analysis was performed of electronic case 
record forms containing synthetic cathinone poisonings 
stored in the Dutch Poisons Information Centre data from 
2012 to 2022 (11 years). To describe the cardiotoxicity of 
synthetic cathinones, poisonings with concomitant exposure 
to cocaine, amphetamine-type stimulants, heroin, and/or 
gamma-Hydroxybutyric acid were excluded. Data collected 
included the specific synthetic cathinone substance used and 
the cardiovascular symptoms reported during consultation.

Review

For this scoping review, a literature search was performed 
(CH) through the electronic PubMed database from incep-
tion until 28-12-2022. Mesh- and TIAB key terms were 
used for the equivalents of brand and ‘street’ names of cur-
rently known synthetic cathinones, designer drugs, and new 
psychoactive substances (Supplementary information 1). 
These were combined with Mesh and TIAB key terms for 
equivalents of cardiac, heart disease, myocard, coronary, 
arrhythmia, ST-elevation myocardial infarction, and non-ST-
elevation myocardial infarction. Title and abstract screen-
ing were performed (KLG), and potentially relevant articles 
were obtained for full-text review using a screening and 
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selection tool (Supplementary information 2). All original 
observational studies (case reports, case series, case–control, 
and cohort studies) and interventional studies (randomized 
controlled trials and experimental studies) with self-reported 
and/or toxicologically confirmed synthetic cathinone use, 
presenting primarily with supraventricular and ventricular 
arrhythmia, myocarditis, cardiomyopathy, acute coronary 
syndrome, or cardiac arrest were included. Review articles, 
editorials, letters, animal studies, studies in languages other 
than Dutch or English, and cardiac arrest secondary to other 
symptoms (e.g., agitation, seizures, hyperthermia, renal fail-
ure) were excluded (Supplementary information 3). Also, 
co-intoxications with cocaine, amphetamine-type stimulants, 
heroin, and gamma-Hydroxybutyric acid were excluded for 
its individual cardiotoxic effects [10–12].

Cases

Case 1

A 28-year-old male who had reported chest pain and confu-
sion was found disoriented and motorically restless. Past 
medical history revealed Hemophilia A for which he used 
emicizumab. At the emergency department, the airway was 
uncompromised, and the oxygen saturation was 99% on 
room air, with a respiratory rate of 22 per minute. His blood 
pressure was 176/91 mmHg, with a heartrate of 91 beats 
per minute. Pupils were 4 mm, with isochoric reaction to 
light. No lateralization was observed, and his Glasgow Coma 
Scale score was 14. He was disoriented, highly associative, 
and repeatedly shouting words. Tympanic temperature was 
37.3 °C. Self-reported history revealed ingestion of 2.5 ml 
Alegria Forest Fruit (SI 4), two hours prior to the onset of 
symptoms, supposedly containing 3-CMC, 2-fluoroampheta-
mine (2-FA), 6-(2-Aminopropyl)benzofuran (6-APB) and 
4-Hydroxy-N-methyl-N-ethyltryptamine (4-HO-MET), and 
also the ingestion of 4 to 6 units beer. He claimed to be a 

first-time recreational drug user and denied co-ingestion of 
other recreational drugs. Electrocardiogram (ECG) at admis-
sion showed a sinus rhythm of 90 beats per minute with ST-
depression in V3 to V5 (Fig. 1a) that improved after admin-
istration of nitrates, although ST-depression in V3 persisted 
(Fig. 1b). At presentation, serum high-sensitive troponin-T 
was 16 ng/l and increased to 21 ng/l after one hour (SI 5). 
Venous blood gas analysis showed a respiratory alkalosis and 
a lactate of 4.6 mmol/L (SI 6). The patient was diagnosed 
with non-ST-elevated myocardial infarction (NSTEMI) and 
was admitted to the cardiac care unit for telemetric observa-
tion (Fig. 1c) and did not develop complications. The next 
day, he was asymptomatic. Quick-look ultrasound revealed a 
normal left and right ventricular function. The repolarization 
disturbances on the ECG at discharge (Fig. 1d), completely 
normalized, and follow-up Holter exam was normal. Exten-
sive toxicological blood testing with the toxtyper® revealed 
4-MMC and/or 3-MMC, and methcathinone. Quantitative 
analysis with UPLC revealed the presence of only 3-MMC 
with a serum concentration of 96 ng/l. Results were nega-
tive for the alleged content of Alegria Forest Fruit; 2-FA, 
6-APB, and 4-HO-MET. Unfortunately, the original drug 
sample was not available for testing.

Case 2

A 49-year-old male was found unconscious. Basic life sup-
port was started without delay. Quick-look rhythm showed 
ventricular fibrillation, for which he was defibrillated 
twice consecutively after which spontaneous circulation 
returned, without additional medication. The first ECG 
showed an atrial rhythm with a right bundle branch block 
and ST-depression infero-anteriorly (Fig. 2a). Two hours 
prior to collapse, the patient had taken 3-MMC and five 
units of alcohol and he had not mentioned any symptoms. 
Past medical history revealed an ST-elevation myocardial 
infarction (STEMI) eight years earlier of the anterolateral 
coronary artery for which he received a stent, with residual 

Fig. 1   Electrocardiogram 
(ECG) of case 1 at differ-
ent times during admission a 
9:46 pm ECG at admission 
at the emergency room. b 
10:06 pm ECG after administra-
tion of nitrates. c 1:19am ECG 
at admission on the cardiac 
care unit. d 8:04am ECG before 
discharge home
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non-significant stenosis in the right coronary artery. The left 
ventricular function afterward was good. Other cardiovascu-
lar risk factors included non-active smoking (10 packyears) 
and familial hypercholesterolemia.

At the emergency department, the airway was uncom-
promised, and his oxygen saturation was 100% on 15L of 
oxygen via non-rebreathing mask, with a respiratory rate of 
26 per minute, a blood pressure of 167/127 mmHg, a heart 
rate of 140 beats per minute, and a Glasgow coma scale 
score of 14, due to confusion. The first ECG in the emer-
gency department showed a supraventricular tachycardia 
with minor ST-depression in the precordial leads (Fig. 2b). 
At the cardiac care unit, the ECG showed a sinus tachycardia 
with normal ST-segments (Fig. 2c). Serum high-sensitive 
troponin-T was elevated with a maximum of 837 ng/l (SI 
7). Arterial blood gas analysis showed a respiratory acidosis 
with a pH of 7.26 and pCO2 of 52 mmHg (SI 8). Extensive 
toxicological screening in serum revealed the presence of 
3-MMC and/or 4-MMC. Toxicology screening in urine did 
not reveal the presence of additional recreational drugs.

The patient was diagnosed with ventricular fibrillation 
due to recreational drug-induced non-ST-elevation myocar-
dial infarction and was admitted at the cardiac care unit. 
Coronary angiography revealed severe three-vessel disease 
(Fig. 3). A quadruple coronary artery bypass grafting was 
performed, an implantable cardioverter-defibrillator (ICD) 
was implanted and further recovery was uncomplicated. He 
was discharged home after drug counseling.

Results

Case Series

In total, 222 synthetic cathinone poisonings (without 
relevant co-exposures) resulting in cardiotoxicity were 
reported by health care professionals to the Dutch Poisons 

Information Centre from 2012 to 2022 (Table 1). Most 
poisonings involved 3-MMC (63%), followed by 4-MMC 
(16%). Other synthetic cathinones were only reported inci-
dentally (< 5%). Cardiovascular symptoms reported during 
consultation often involved tachycardia, hypertension, palpi-
tations, and chest pain. In eight patients, ECG abnormalities 
were observed, including two patients with ventricular fibril-
lation requiring resuscitation after 3-MMC or 4-MMC use.

Review

A total of 30 articles were included, reporting 40 cases 
with cardiac arrest (n = 28), ventricular tachycardia (n = 4), 
supraventricular tachycardia (n = 1), ST-elevation myo-
cardial infarction (n = 2), non-ST-elevation myocardial 
infarction (n = 2), cardiomyopathy (n = 1), and myocarditis 
(n = 2) after synthetic cathinone use (Table 2). Coronary 
atherosclerosis with thrombus or occlusion was found in 
eight cases, out of the 18 cases where coronary imaging 
or autopsy results were reported. Out of the six cases with 
a reported cause of cardiac arrest, one presented with ven-
tricular fibrillation, three with pulseless electrical activity 
and two with asystole. Twenty-seven patients died, out of 35 
cases with a reported outcome, mostly after sudden cardiac 
arrest (n = 16), of whom eight after a sudden collapse (three 
while exercising), five were found unconscious and three 
were found death. Nine other deceased patients presented 
to the emergency department with agitation or behavioral 
problems.

The types of synthetic cathinones reported in these 
cases were 3,4-methylenedioxypyrovalerone (MDPV), 
4-methylmethcathinone (mephedrone; 4-MMC), 3-meth-
ylmethcathinone (3-MMC), pyrrolidinopentiophenone 
(α-PVP), 3,4-methyleendioxymethcathinon (methyl-
one), N-ethylpentylone, α-ethylaminopentiophenone 
(α-EAPP), N-ethyl-hexedrone, ethyl-pentedrone, 
3,4-methylenedioxy-N-ethylcathinone (euthylone), and 

Fig. 2   Electrocardiogram (ECG) of case 2 at different times during admission. a 8:00 pm ambulance ECG after return of spontaneous circula-
tion. b 8:23 pm ECG at the emergency department. c 10:13 pm ECG at admission on the cardiac care unit
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3-methoxy-2-(methylamino)-1-(p-tolyl)propan-1-one (mexe-
drone). In 18 cases, the toxicological screening revealed co-
intoxication, with mostly ethanol (n = 7), cannabis (n = 3), 
or synthetic cannabinoids (n = 2), but also nicotine, caffeine, 
benzodiazepines, methadone, antidepressants, and antipsy-
chotics were reported.

Discussion

Two new cases of cardiotoxicity after synthetic cathinone 
use were presented, one with acute coronary syndrome after 
3-MMC use, and one with cardiac arrest after 3-MMC and/
or 4-MMC use. Extensive toxicological screening did not 
reveal other stimulant or sympathomimetic drugs such as 
cocaine, MDMA, or 4-FA. Another 225 cases were reported 
to the Dutch Poisons Information Centre with self-reported 
mono-intoxication with synthetic cathinones. Most poison-
ings involved 3-MMC (62%) or 4-MMC (16%) and car-
diovascular symptoms mostly reported were tachycardia, 
hypertension, palpitations, and chest pain. Two patients 
developed ventricular fibrillation. Besides these new cases, 
40 additional cases with cardiovascular complications after 
synthetic cathinone use were identified.

Interestingly, the analytical test in case 1 revealed a sub-
stance different from what the patient claimed to have taken, 
suggesting that he may have received substances different 
from those he purportedly purchased. This discrepancy was 
observed in a few other reported cases [13–15]. The issue 
of drug contamination, misleading information on pack-
ages, or disinformation provided by street sellers is a well-
known problem. A retrospective analysis of hair samples 
confirmed the presence of synthetic cathinones in users 
who claimed to have used substances other than synthetic 
cathinones [16–18]. In 3-MMC samples collected by the 
Dutch National Institute of Mental Health and Addiction, 
different substances were often detected, such as 3-CMC or 
2-MMC [19]. Consequently, this can lead to unexpected and 
undesired interactions and side effects among users. Most 
patients reported to the Dutch Poisons Information Centre 
lacked toxicological confirmation, making it possible that 
other substances may be responsible for these cardiovascular 
symptoms and complications.

4-MMC and 3-MMC are both synthetic cathinones with 
a similar chemical structure. 3-MMC was synthesized 
around 2010 to replace 4-MMC, which was criminalized 
in several countries [20]. The synthesis of new psychoac-
tive substances is an ongoing process in reaction to the 
illegalization of specific designer drugs. Additionally, 
3-CMC and 2-MMC have been identified [3, 21]. Pharma-
cologically, both 4-MMC and 3-MMC inhibit the reuptake 
of noradrenaline, compared to 4-MMC, 3-MMC exhibits 
more potent dopamine inhibitory effects than serotonin, 

and both substances induce a sympathomimetic toxidrome. 
In 3-MMC, tachycardia and agitation were predominantly 
reported, while among 4-MMC users, diaphoresis, headache, 
palpitations, and nausea were most commonly reported [20, 
22, 23].

Synthetic cathinones bear a resemblance to the chemi-
cal structure of amphetamine-type stimulants through the 
substitution of an alkyl or halogen structure [2]. Pharmaco-
dynamically, amphetamine-type stimulants, as well as syn-
thetic cathinones, bring about higher intrasynaptic levels of 
dopamine, noradrenaline and serotonin [24]. However, the 
precise interaction of synthetic cathinones with the cardio-
vascular system remains unknown. A possible mechanism 
by which synthetic cathinone affect the cardiovascular sys-
tem was recently reviewed by Radaelli et al. [25]. In rats 
injected with 4-MMC, an increased stroke volume, cardiac 
output, and contractility were observed, suggesting a poten-
tial cause of cardiac ischemia and death [26]. Furthermore, 
an impairment in mitochondrial function was considered, 
leading to oxidative stress and subsequently cardiomyocyte 
apoptosis [25]. Additionally, altered potassium, sodium, 
and calcium channels could contribute to the occurrence of 
arrhythmias [25].

Long-term cardiovascular effects of synthetic cathi-
nones are unknown, but may be comparable to those after 
chronic Khat use: hypertension, coronary vasospasm, myo-
cardial infarction, stroke, and heart failure [27–29]. A few 
cohort studies on acute cardiovascular effects after synthetic 
cathinone use have been performed, such as a poison con-
trol study with three months follow-up among 34 Hagigat 
(benzoylethanamine) users, reporting three (8.8%) young 
patients (16, 25 and 26 years old) with non-ST-elevation 
myocardial infarction [30]. Another small (n = 8) prospective 
poison control study reporting on 3-MMC users, reported 
tachycardia, severe hypertension (systolic BP > 180 mmHg), 
and cardiac arrest as adverse effects [9]. Together with all 
the cases reported in this review, this strongly suggests that 
synthetic cathinones induce cardiovascular complications 
and this should be taken into account by physicians treating 
patients with synthetic cathinone associated cardiovascular 
symptoms.

Because cocaine and amphetamine-type stimulants are 
known for their increased risk for cardiovascular compli-
cations, combined use with these substances was excluded 
from this case series and literature review[10–12]. Also 
GHB and heroine were excluded, since both drugs are 
mostly known for their depressive effects on the central 
nervous system, resulting in bradypnea or apnea. There-
fore, the cause of cardiorespiratory arrest is unclear in a 
co-intoxicated patient with both cathinones and GHB or 
heroine [31, 32]. Furthermore, altered sympathicomimetic 
cardiovascular response has been described after GHB use 
[33]. Nevertheless, combination of synthetic cathinones with 
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other sympathomimetic drugs might increase the risk of 
developing cardiovascular complications as well, although 
this effect has not been described so far. Although there is 
some evidence that simultaneous use of 4-MMC and ethanol 
can further increase the blood pressure and heart rate [34]. 
Since co-intoxication is not uncommon among recreational 
drug-users, users should be warned for potential additional 
risks [10–12].

In the United States, chest pain is the second most com-
mon complaint in the emergency department, and awareness 
of a potential toxicological origin for chest pain is important 
[35]. In these patients, a full cardiologic workup accord-
ing to local guidelines is indicated to detect myocardial 
ischemia. In the first case described, slightly elevated car-
diac enzymes were found with ST-depression on the ECG, 
which was reported previously after MDPV and 4-MMC use 
and was classified as non-ST-elevation myocardial infarc-
tion [36, 37]. Nevertheless, interpreting cardiac enzymes 
can be challenging after recreational drug use, since tro-
ponin release is triggered not only by ischemia, but also 
by extensive physical activity and psycho-emotional stress, 
like cathinone induced noradrenergic effects combined with 
agitation [38]. To adequately interpret these troponin levels, 
a drug use history in every chest pain patient is essential.

Coronary atherosclerosis with thrombus or occlusion was 
found in eight cases, out of the 18 cases where coronary 
imaging or autopsy results were reported [13, 15, 39–43]. 
This might be due to a cathinone-induced increased coagu-
lability. In a cohort study among 146 patients, the INR was 
on average 0.2 points lower in Kath-chewers compared with 
non-Kath-chewers [44]. Nevertheless, 10 out of the 18 cases 
did not show coronary atherosclerosis, suggesting other 
causes may play a role, like the sympathomimetic effects 
or coronary vasospasm that was previously described in 
guinea-pigs, possibly induced by the noradrenergic effect of 
cathinones [45]. This supports the need for full cardiologic 
workup for patients with cardiovascular symptoms after syn-
thetic cathinone use.

There is no antidote in the treatment for synthetic cathi-
none toxicity. For the sympathomimetic effects, agitation 
and behavioral problems, sedations with benzodiazepines or 
droperidol is recommended [46]. For the increased coagu-
lability, antiplatelet therapy might be beneficial, although 
no evidence exist to support this. For acute arrhythmias 
and cardiac arrest, local resuscitation guidelines should be 
followed. Further treatment recommendation are accord-
ing to the European society of cardiology guidelines, 

recommending toxicologic testing for newly documented 
ventricular arrhythmias, idiopathic ventricular arrhythmias, 
and sudden cardiac deaths of unknown etiology [47]. Also 
for acute coronary syndrome and cardiac arrest survivors, 
a non-coronary cause like intoxication should be ruled out 
[48]. It is our recommendation to include recreational drug 
use in all guidelines regarding cardiovascular complications 
and that physicians always provide drug counseling and 
referral for drug abuse treatment, if appropriate.

This study has several limitations, first of all in the 
reviewed cases, many data are missing, for example co-
intoxications. Second, the self-reported drug use history may 
be unreliable, or the exact substance used may be uncertain, 

Fig. 3   Coronary angiogram. Left image: 80% stenosis in the proximal 
right coronary artery. Middle image: diffuse calcifications with 90% 
stenosis in the left anterior descending artery. Right image: 80% ste-
nosis in the proximal circumflex artery and 80% stenosis in the ante-
rolateral artery

◂ Table 1   Self-reported poisonings with synthetic cathinones and car-
diotoxicity to the Dutch Poisons Information Centre

* for details see supplementary information SI 9

Specific substances Cardiotoxicity N = 222

3-MMC 139 [63%]
4-MMC 36 [16%]
3-CMC 8 [4%]
Alpha-PVP 7 [3%]
4-MEC 4 [2%]
Hex-en 3 [1%]
MDPV 3 [1%]
3-CMC / 4-CMC 2 [1%]
Alpha-PHP 2 [1%]
Alpha-PiHP 2 [1%]
2-MMC 1 [< 1%]
ED-DB 1 [< 1%]
Ethylone 1 [< 1%]
MPHP 1 [< 1%]
Pentedrone 1 [< 1%]
Exposure to two synthetic cathinones* 11 [5%]
Symptoms
Sinustachycardia (≥ 100 beats per minute) 139 [62%]
Sinus bradycardia (≤ 60 beats per minute) 2 [1%]
Hypertension
(≥ 140 mmHg systolic or ≥ 90 mmHg 

diastolic)

69 [31%]

Hypotension
(≤ 90 mmHg systolic or ≤ 60 mmHg dias-

tolic)

7 [3%]

Palpitations 58 [26%]
Angina pectoris 56 [25%]
ECG abnormalities
- prolonged QT-interval
- ST-elevation
- ST-depression
- Negative T waves
- Ventricular fibrillation

8 [4%]
2
2
1
1
2
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due to different street names (such as ‘bathsalts’ or ‘coffee 
packs´) and unreliable drug dealers, which was also true 
for the patient in case 1 and several reported cases from the 
literature review. In the cases reported in the review, toxi-
cological analyses were performed to confirm the involved 
substance, but the type of sample (e.g., femoral or cardiac 
blood, urine) and type of confirmation tests were variable. 
Third, the causality for synthetic cathinone use and cardio-
vascular complication is uncertain, especially for the cases 
who were found dead. And in some cases, the cause of death 
was uncertain and could have been cardiovascular by nature, 
but also have another cause (e.g., respiratory failure, convul-
sions, hyperthermia). Fourth, multiple forms of reporting 
bias are expected, especially in view of the high number of 
fatalities found. Fifth, no conclusions can be drawn regard-
ing the true prevalence of synthetic cathinone-associated 
cardiovascular complications. Besides the previously men-
tioned reporting bias, physicians may not question their 
patients on recreational drug use or report on this. These 
limitations should be taken into account before drawing con-
clusions regarding cardiotoxicity due to synthetic cathinone 
use, for which larger studies are necessary.

Conclusion

In this study, two new cases illustrating cardiovascular 
complications following the use of synthetic cathinones 
were presented, accompanied by a case series comprising 
222 patients reported to the Dutch Poisons Information 
Centre, and a review of existing literature, which identified 
an additional 40 cases. The documented cardiovascular 
complications included tachycardia, severe hypertension, 
supraventricular tachycardia, ventricular fibrillation, acute 
coronary syndrome, and cardiac arrest. The importance of 
recognizing the potential cardiotoxicity associated with 
synthetic cathinones should be emphasized. Therefore, 
healthcare providers should prioritize gathering a detailed 
recreational drug use history and obtaining toxicological 
confirmation in order to enhance awareness and ensure 
appropriate management, including drug counseling.
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