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victim was last seen in good health. When it has a cardiac 
cause, it is called sudden cardiac death (SCD), a condition 
mainly due to congenital cardiac disorders (i.e., inherited 
arrhythmogenic syndromes -IAS-) in those younger than 35 
years [1, 2]. Globally, the incidence of SCD among young 

Introduction

Sudden death (SD) is defined as the decease of a healthy 
individual within an hour from the first symptoms or, if 
the lethal episode was witnessed, within a day since the 
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Abstract
Sudden cardiac death represents a significant public health concern and is one of the leading causes of early mortality 
worldwide. The escalating use of illicit drugs, approximately 269  million people in 2018, represents a growing public 
health. Some of these drugs are stimulants that may have multiple effects on the cardiovascular system including the 
cardiac rhythm, then substance abuse increases the risk of sudden death. For instance, drugs like cocaine and metham-
phetamine, may be responsible for myocardial infarction as well as occlusive coronary thrombosis with acute infarction. 
The consequences of such occurrences are far-reaching, with considerable effects not only on the victims but also on their 
families. Sudden cardiac death presents considerable forensic diagnostic challenges, particularly in the presence of high 
but non-lethal drug levels increasing the possibility of a genetic predisposition to malignant arrhythmogenic events. Our 
review aims to discuss the complex relationship between illicit drugs and congenital cardiac disorders, stressing the forensic 
issues deriving from their interaction and from the differential diagnosis. Indeed, especially when a non-lethal dose of illicit 
drug in presence of ambiguous microscopic findings is reported, being able to discriminate between a toxic sudden death 
(entailing criminal implications for the drug dealer) and a natural sudden death is a forensic issue of upmost importance.
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individuals ranges from 0.8 to 6.2 per 100,000 persons annu-
ally. The main forensic challenge associated with SCD in 
the young is the significant prevalence (approximately 30%) 
of cases where a definitive cause of death cannot be deter-
mined through autopsy. Most of these cases are attributed to 
cardiac channelopathies (which generally relate to inconclu-
sive autopsies) or cardiomyopathies (which can cause fatal 
electrical events even when the macroscopic phenotype is 
mild or absent) [2]. Illicit drugs also are a very frequent 
cause of SD and SCD (especially in the 15–34 age group), 
even after a single assumption [3–5]. Indeed, in most of the 
cases of SD of those younger than 50 years, post-mortem 
toxicological testing is positive. Positive toxicological 
testing is defined as the presence of illicit substances (i.e., 
cocaine, cannabis, amphetamines or polysubstance abuse) 
[6, 7].

In particular, there is a strong correlation between SCD 
and illicit drugs assumption: for instance, prevalence of 
cocaine acute intoxication is 13–58 times higher in SCD 
victims than in general population [8]. Toxic SCD are gen-
erally thought not to correlate to specific macroscopic or 
microscopic features, an issue that is shared with all the 
cases of cardiac channelopathies and many cases of car-
diomyopathies (especially in paediatric age), that can show 
subtle, mild or ambiguous signs at the autopsy [9]. This 
problem is extremely significant because– as said– SCDs 
due to intoxications and congenital cardiac disorders mainly 
insist in the same age group, despite having radically differ-
ent legal and public health implications. Indeed, congeni-
tal cardiac disorders are frequently inherited following an 
autosomal dominant pattern, have incomplete penetrance, 
variable expressivity, and (especially cardiac channelopa-
thies) tend to have SD as first clinical manifestation usually 
caused by a trigger, such as drugs. Thus, they represent a 
public health issue, being the forensic diagnosis of funda-
mental importance for early diagnosis and management of 
these conditions in the first-degree family of the victims. On 
the other side, toxic SDs have clear legal implications (i.e., 
in many countries, like Italy, the dealer can be prosecuted 
for murder), also when the substance is “only” the trigger of 
a preexisting congenital condition. Hence, in this narrative 
review we aim to describe the microscopic and macroscopic 
features recurring in fatal intoxications, in order to under-
line how they can be differentiated from “natural” cardiac 
causes of SD.

Methods

For this review, a literature search was performed through 
various resources (i.e., PubMed, ResearchGate, Embase) 
from 1974 to 2024. The search terms included: sudden 

death, sudden cardiac death incidence, cardiomyopa-
thies, channelopathies, illicit drugs, toxicology, molecular 
autopsy. The research question covered particularly what 
microscopic features recur in deaths caused by main sub-
stances of abuse (alcohol, cocaine, amphetamines, cathi-
nones, opioids, cannabis, and hallucinogens). Therefore, 
papers were eligible if the correlated intoxication caused 
by one of the aforementioned substances to clinical/patho-
logical signs able to explain/suggest the cause of the sudden 
death. There were no restrictive inclusion criteria regard-
ing the type of paper (original research papers, reviews and 
case reports were considered). Papers not written in English 
were excluded. Despite the wide time span considered for 
the search (chosen not to exclude valuable source of infor-
mation), papers with modern methodological approach for 
toxicological (gas chromatography–mass spectrometry and 
liquid chromatography–mass spectrometry) and genetic 
(whole genome, whole exome or targeted next-generation 
sequencing) analysis were preferred. Since the broadness of 
the research question, a non-systematic (narrative) approach 
was chosen for the review. Two independent authors per-
formed the review, eliminating the duplicates after search-
ing on different databases and comparing the findings, with 
full concordance of the results.

Results

Results are summarized in Table  1, specifying for each 
illicit drug the main cardiovascular pathological findings 
and (if available) the blood concentrations for clinically evi-
dent toxic effects and coma/deaths.

Alcohol

Acute alcohol intoxication, especially when the consump-
tion is heavy, has a negative inotropic effect, potentially 
leading to atrial arrhythmias (like atrial fibrillation) [39]. 
One of the long-term effects of alcohol abuse is the so-called 
alcoholic cardiomyopathy, characterized by dilatation and 
potential wall thinning of the left ventricle, associated to 
myocardium hypertrophy and replacement fibrosis [39]. 
The relationship between inflammation and alcohol is par-
ticularly complex, because low doses of alcohol are asso-
ciated to reduced inflammation, while a long-term heavy 
consumption implies an oxidative stress, leading– among 
the others - to an accumulation of acetaldehyde, a decrease 
in antioxidant enzyme levels, and an alteration in neurohor-
monal systems [39].

Forensic cases of SCD with acute alcohol intoxication 
cover a wide age range, but, differently from illicit drugs, 
mainly regard non-young individuals [40–42]. Forensic 
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studies tend to suggest a possible role of alcohol in SCD: 
for instance, Holmström et al. found that more of a fourth 
of forensic cases of SCD had alcohol in blood and/or urine, 
with most of them (86%) showing higher levels in urine 
than in blood (suggesting a late stage of inebriation) [40]. 
Moreover, they compared autopsy findings in those during 
the late stage of inebriation with those died during the early 
stage, observing in the first group higher prevalence of fatty 
liver and lower prevalence of myocardial fibrosis and clini-
cal diagnosis of cardiovascular disease [40]. Perkiömäki et 
al. also evaluated forensic cases of SCD, finding that the 
38% of them had a blood ethanol concentration above 0‰ 
[41]. Among the positive cases, the 41% showed a concen-
tration ≥ 1.5‰ and the 56% ≥1‰ [41]. Regarding autopsy 
findings, among SCD victims with alcohol in blood, Kaup-
pila et al. found relatively high prevalences of cardiomy-
opathies (in particular, alcoholic cardiomyopathy and 
hypertensive cardiomyopathy– i.e., left ventricular hyper-
trophy with unspecific fibrosis of the myocardium, arterial 
medial hypertrophy and intimal fibrosis in renal arterioles) 
and myocarditis [42]. A specific issue is represented by the 

so-called binge drinking (heavy alcohol consumption over 
a short period of time), that has been suspected to have a 
pro-arrhythmic effect since the 1978 Ettinger et al.’s paper 
[43]. In 2022, Tu et al. found that alcohol consumption 
was not a risk factor for ventricular arrhythmias but still 
had a U-shaped association with SCD, with intake lower 
than 208 g per week showing the lowest risk, while greater 
consumption of specific beverages (beer, spirits, and cider) 
related to an increase in SCD risk [44]. On the other end, in 
2024 Park et al. studied a population of 397.164 individuals, 
finding that alcohol intake was neither a protective factor 
nor a risk factor for SCD, and this result was valid even 
for the carriers of variants of genes involved into alcohol 
metabolism [45].

Cocaine

Cocaine use can cause electrical anomalies, like Brugada 
Syndrome (BrS) and QT prolongation and consequent tor-
sade de pointes - in cases of both acute intoxication (due to 
increased excitability of the heart) and chronic intoxication 

Drug Main cardiovascular pathological findings Clinically evident 
toxic effects blood 
concentrations 
(mg/L) [10,11]

Coma/Death 
blood concen-
trations (mg/L) 
[10–12]

Cocaine Cardiomegaly, hypertrophic/
dilated cardiomyopathy, acute myocardial 
ischemia/
infarction (with occlusive coronary thrombo-
sis), myocarditis with necrosis and fibrosis, 
myocardial contraction bands, vasculitis
[13–19]

0,25/0,50 0,9

Amphetamines Acute myocardial infarction; arterial dissec-
tions; dilated/
hypertrophic cardiomyopathy; myocarditis 
with necrosis and fibrosis; increased perivas-
cular and interstitial fibrosis
[4,16,20–24]

0,2 
(methamphetamine)
0,2
(amphetamine)
0,35
(3,4-Methylene-
dioxymethylamphet-
amine– ecstasy)

1
(methamphet-
amine)
0,5
(amphetamine)
0,4
(3,4-Methy-
lenedioxy-
methylamphet-
amine– ecstasy)

Cathinones Myocardial infarction; dilated cardiomyopa-
thies; myocarditis
[25,26]

0,001–8,400 
(MDPV)
0,001 − 0,606 
(α-PVP)

0,001–29 
(MDPV)
0,001–20 
(α-PVP)

Opioids No common microscopic features 0,1 (morphine)
0,3/0,6 (methadone)

0,1 (morphine)
0,4 (0,05 − 1,00) 
(methadone)

Cannabis Myocardial ischemia/
infarction; thrombi; cardiomyopathies
(like Takotsubo, with contraction band 
necrosis); arteritis
[4,27–34]

undetermined undetermined

Hallucinogens myocardial infarction;
Takotsubo cardiomyopathy
[35–38]

0,001 (LSD)
0,018 (psilocin)

0,002 − 0,005 
(LSD)

Table 1  Association between 
illicit drug, main recurring micro-
scopic features and toxic/fatal 
concentrations
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associated to increased myocardiocytes’ volumes and pos-
sible presence (up to 20% of cases) of myocarditis (e.g., 
eosinophilic myocarditis) [17]. In general, subendocardial 
ischemia, myocarditis with necrosis, fibrosis of the myocar-
dium and left ventricular hypertrophy are recurrent findings 
in these cases (Fig. 1) [16, 18]. Moreover, at post-mortem 
investigation myocardial contraction bands (like those of 
Takotsubo syndrome) may be found, due to the cathecola-
mine-driven stress [19]. At the autopsy, in chronic abusers 
(especially if they also smoked cigarettes) thrombi (gener-
ally associated to advanced atherosclerosis) should also be 
carefully searched, since the prothrombotic effects of the 
substance [13]. At the same time, signs of vasculitis both in 
the nasal cavities and at systemic level should be searched, 
since it can be caused by both cocaine and its adulterants 
(e.g., levamisole) [13]. In general, accurate analysis of the 
main arteries is crucial at the autopsy: cocaine can cause 
vascular smooth muscle cell apoptosis and cystic medial 
necrosis, potentially leading to dissection of aorta, coronary 
or carotid [13]. It should be considered that these latter find-
ings are likelier in crack cocaine smokers, since this drug 
is usually used in short intervals due its duration of action 
[13].

Amphetamines

Amphetamines can cause myocardial injury both directly 
(e.g., increased oxidative stress, promoted apoptosis, mito-
chondrial dysfunction, alteration of gene expression) and 
indirectly (e.g., vasospasm of epicardial coronary arteries) 

(due to myocardial fibrosis) [13]. In acute intoxication, 
pro-arrhythmic effects of cocaine are enhanced by the (fre-
quent) combination with alcohol, because cocaethylene (a 
metabolite of these substances) inhibits inward rectifying 
potassium channels [14]. Regarding structural changes, car-
diomegaly can be found in up to one third of the cases [15]. 
Moreover, cocaine stimulates coronary vasoconstriction, 
stimulates chronotropic and inotropic drive, then causing 
ischemic injury to the myocardium [13]. Indeed, myocar-
dial infarction is a very frequent finding in cocaine intoxi-
cations: abusers are exposed to a high risk of infarction in 
comparison with general population (odds ratio up to 6,9) 
and this risk is particularly high (increased by 24-hold) 
in the first hour of acute [16]. There is not a clear dose-
dependent risk of myocardial infarction in cocaine abusers, 
since in these cases even serum concentrations as little as 
0,1  mg/L have been reported [3]. Moreover, most of the 
cocaine-related myocardial infarctions occurs in occasional 
users rather than in frequent users [3]. When associated 
to cocaine intoxication, myocardial infarction can be both 
acute with occlusive coronary thrombosis and remote with 
organized, recanalized thrombus [3]. However, SCD related 
to left ventricle dysfunction in cocaine acute intoxication 
can also occur without any sign of ischemic injury due to 
the potential negative inotropic and lusitropic effects of high 
dose of the substance [13]. Left ventricle failure caused by 
toxic dilated cardiomyopathy (DCM) is a recurring fea-
ture and it poses the issue of differentiating it from other 
(e.g., congenital) form of DCM. Indeed, cocaine-related 
DCM does not show specific features, having been solely 

Fig. 1  Left ventricular (A, B, C) 
and atrial (D) examination in a 
chronic abuser of cocaine who 
died in a state of acute cocaine 
intoxication (blood concentration 
in the femoral artery: 315 ng/mL): 
myocardial wavening (A); foci of 
coagulative necrosis (B); areas of 
myocarditis (C); arterial dissection 
in the area next to the sino-atrial 
node (D)
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in chronic heroin abusers (34% vs. 19%) [27]. Accurate 
sampling and testing for toxicological purposes is of utter 
importance in arrhythmic deaths to weight the potential 
role of the opioid, since there is a well-known association 
between risk of fatal arrhythmias and different doses of spe-
cific substances– like methadone [50]. Like in many cases 
of arrhythmic deaths, SCD due to opioids generally are 
autopsy negative [50]. Another challenge is represented by 
the fact that opioids are generally injected, and thus cardiac 
anomalies could be due to infectious diseases transmitted 
through infected needles (e.g., endocarditis, mainly of the 
tricuspid valve) [51]. No significant microscopic changes 
have been related to opioids’ use, albeit Greenwald et al. 
reported that past-month number of days of heroin use pre-
dicted lower likelihood of left ventricular hypertrophy [27]. 
An issue that is common among all the drug users but is 
particularly frequent in opioids’ abusers is the use of other 
drugs just before/after or together with the opioid [52]. 
Clinical differentiation with arrhythmogenic syndromes like 
LQTS can be particularly difficult when the opioid is used 
in combination with drugs that prolong QT, like cocaine, 
amphetamines and high-dose benzodiazepines, or when 
there is a combined use of opioids (like heroin and metha-
done) [52, 53]. However, Greenwald et al. found that use of 
heroin and cocaine caused modest incremental variance in 
QT interval, stressing the contribution of other variables in 
electrical anomalies, like race, body mass index and use of 
tobacco, alcohol and/or cannabis [27].

Patients undergoing methadone-based opioid substitu-
tion therapy might misuse benzodiazepines, for instance 
to relieve withdrawal symptoms or to enhance the effects 
of the opioids [54]. Indeed, Errico et al. reported that this 
combination accounted for 27.6% of deaths associated with 
methadone use. Histological findings highlighted myocar-
dial hypertrophy and cardiomegaly in 19.2% of cases, while 
contraction band necrosis and coagulative necrosis were 
identified in 11.5% of cases. The authors observed that the 
risk of central respiratory depression, cardiovascular failure 
and then death is particularly high in individuals who are 
not undergoing supervised methadone therapy, underscor-
ing the need for careful monitoring and management of 
such treatments [54]. Finally, cardiac causes of death could 
be due to their adulterants, like clenbuterol– that can cause 
direct myocardial injury [52].

Cannabis

Cannabis use exposes both acute and chronic users to acute 
coronary syndromes-transient myocardial ischemia (mainly 
to induced coronary vasospasm), thrombotic events-periph-
eral arteriopathies and pro-arrhythmic effects [4, 28–33]. 
Moreover, both natural and synthetic cannabinoids had been 

[20]. Indeed, in the young population, their use has been sig-
nificantly associated with acute myocardial infarction [21]. 
Methamphetamines can also cause reversible remodelling 
of cardiac ion channels, leading to arrhythmias [16]. Stimu-
lants intoxication should be carefully differentiated from 
Long QT syndrome (LQTS), since they can prolong QT 
causing the same kind of arrhythmias of this condition (tor-
sade de pointes) [22]. Even in healthy young cases, relevant 
post-mortem features can be found at both macroscopic 
(e.g., cardiomyopathies– especially with ventricular dilata-
tion, possible even in those who have used the substance for 
less than 6 months) and microscopic level (e.g., myocardial 
fibrosis, myocarditis with cellular vacuolization, hypertro-
phy, focal necrosis) [16, 20].

In particular, autopsy studies showed that abusers of 
methamphetamines frequently present significant perivas-
cular and interstitial fibrosis in the myocardium, especially 
in the left ventricle [23]. Fibrosis, together with ventricular 
hypertrophy and increased heart weight, has been related to 
the typical “binge and crash” (very intense assumption of 
the stimulants followed by a period of withdrawal) pattern 
of assumption in animal models [23]. Other kinds of inju-
ries caused by amphetamines are valvular heart diseases, 
thrombosis and vasculitis (through proinflammatory immu-
noactive glycation end products) [4, 22]. Vasospasm is a 
critical effect of these substances, since it can cause vessels’ 
rupture– leading, for instance, to intracranial haemorrhages 
[24].

Finally, there is currently no evidence linking therapeu-
tic use of amphetamines (mainly for ADHD, clinical studies 
are still in the trial phase) and sudden cardiac death in the 
young, while this association– still controversial - has been 
supported in adult subjects [22, 46, 47].

Cathinones

Cathinones have been associated to many potentially fatal 
cardiac events, like cardiac arrest, tachyarrhythmias, myo-
cardial infarction, DCM and myocarditis [25]. Despite their 
cardiotoxicity has been clearly described yet, being struc-
tural analogues of β-ketone amphetamines, they could affect 
similar to amphetamines [26].

Opioids

Opioids’ cardiac effects largely depend on the spe-
cific substance: for instance, methadone, oliceridine, l- 
α-acetylmethadol, and fentanyl may prolong QT blocking 
inward potassium rectifier channels, while some fentanyl 
derivates cause bradyarrhythmias [48, 49]. In particular, 
QT prolongation is a common finding in methadone users, 
correlating to dose- and time-in-treatment, while it is rarer 
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Discussion

From a forensic point of view, in SD of young healthy vic-
tims, fatal intoxication is one of the first hypotheses to be 
verified, followed at the autopsy by structural changes, that– 
as said– can be subtle or ambiguous (like the presence of 
only disarray and fibrosis in a young victim with genotype 
positive for hypertrophic cardiomyopathy) (Fig. 2) [64].

Post-mortem genetic testing (also called molecular 
autopsy) remains a (pivotal) tool for a diagnosis per esclu-
sionem, i.e. when the other hypotheses have been excluded 
[64]. Among the substances analysed, cocaine emerged as 
the most extensively studied in relation to SCD [8]. This 
predominance reflects both the widespread use of cocaine 
and its well-documented impact on the cardiovascular sys-
tem. On the other hand, significantly fewer data are currently 
available regarding the effects of synthetic cathinones, for 
instance.

As shown in Table 1, common drugs can cause the same 
microscopic patterns found in congenital cardiac causes of 
SD, like left ventricular hypertrophy and myocarditis with 
fibrosis, none of which can be considered specific or pathog-
nomonic. In cases where only these findings are found, in 
absence of anomalies able to explain death, drug levels in 
proper matrixes should be carefully considered. Indeed, the 
mere toxicological positivity of a sample cannot abruptly 
interrupt forensic investigation if the level is not sufficient 
to explain death and, in case of inconclusive autopsy, post-
mortem genetic testing should be indicated even when toxi-
cological testing is positive.

In these cases, it can be difficult– but of upmost forensic 
importance– to verify whether a drug level higher than the 
toxic concentration but lower than the lethal concentration 
could have interacted with an abnormal substrate due to a 
cardiac structural or channel disorder, and for these pur-
poses post-mortem genetic testing is fundamental (Fig. 3).

The importance of this procedure is that in some coun-
tries, like Italy, if the drug is demonstrated to have triggered 

associated with cases of myocardial infarctions in healthy 
young subjects [4]. The effect of cannabis on heart rate 
largely depends on dose: at low-moderate doses it causes 
tachycardia, while at high doses bradycardia [4]. More-
over, daily cannabis use has been reported as a predictor of 
shorter QT interval [27]. Some authors reported that canna-
bis effects may evocate a characteristic ST-segment eleva-
tion in the electrocardiogram (ECG) usually related to BrS, 
inhibiting sodium and potassium currents [34, 55]. Cannabis 
use has also been related to cardiomyopathies, in particular 
Takotsubo cardiomyopathy– a condition characterized by 
ballooning of the ventricles and contraction bands necro-
sis of the myocardium [33]. Finally, some authors found 
recurrent cases of arteritis in those exposed to high doses 
of cannabinoids [33]. However, in most of cannabis-related 
deaths there were preexisting disorders of medical interest, 
like arrhythmogenic cardiac condition [56, 57].

Hallucinogens

Many hallucinogens have been associated with arrhythmo-
genic phenomena. For instance, ingestion of ibogaine has 
been reported to cause QT prolongation and consequent 
torsade de pointes [58, 59]. “Magic mushrooms” with psy-
chotropic effects largely caused by psilocybin and psilocin 
compounds, have also shown cardiotoxic effects in reported 
cases, including prolonged QT intervals, ST-segment ele-
vation, myocardial infarction and Takotsubo cardiomy-
opathy [35–38]. LSD intoxication include cardiovascular 
alterations as sinus tachycardia and subsequent myocardial 
infarction [60]. Moreover, LSD has also been associated 
with other “structural” alterations like ischemia caused 
by lower limb arterial vasospasm requiring percutaneous 
angioplasty and carotid artery occlusion [60–62]. There 
have not been recorded deaths due to ayahuasca, but a fatal 
case of concomitant use of pure 5-methoxy-DMT has been 
reported [63].

Fig. 2  Adapted from [31] the sudden death of a 20-year-old healthy 
man with recent use of cannabis with multiple cardiopathological 
anomalies: wavering of myocardial fibers, fibrosis and disarray in the 

left ventricle myocardium (A); fibrosis of the sino-atrial node (B); adi-
positas cordis in the antero-lateral region of right ventricle free wall 
(C)
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these reasons, it is usually recommended to perform screen-
ing tests at least through immunoassay. Anyway, the opti-
mal approach would be the routine use of chromatographic/
mass spectrometric techniques, that should always be used 
to confirm immunoassay results, due to their capability to 
detect also new psychoactive substances [71].

Then, accurate cardiac examination must be performed 
[72]. Vascular anomalies, like intracardiac or extracardiac 
dissections,– as said– are more frequent in (some) toxic 
deaths rather than in congenital cardiac disorders. Since the 
(few) recurring anomalies are almost shared by fatal intoxi-
cations and congenital cardiac disorders, attention should 
also be paid to the appearance and the localization of the 
anomalies. For instance, asymmetric and significant hyper-
trophy of the interventricular septum, possibly associated 
to apical hypertrophy, suggest a congenital condition rather 
than an acquired cause [73]. In a young case, disarray can be 
normal in some parts of the heart (typically, the anterior and 
posterior parts of the right ventricle next to the septum) and 
thus a “normal” localization should imply supplementary 
caution in the cardiac exploration [74]. Moreover, localized 
myocarditis with possible fibrosis in the outflow tract of the 
right ventricle should entail the hypothesis of a BrS [4, 75].

Herein, we propose this protocol:
In a case of sudden unexplained death, toxicological anal-

ysis and traditional autopsy are mandatory. Gross examina-
tion of the heart may reveal or not macroscopic anomalies.

Scenario 1: heart with no macroscopic anomalies.

	● if there are relevant histologic alterations, it should be 
assessed if they qualify as cause of the death and it is 
still important to evaluate if there is evidence of toxi-
cological intoxication and, in this latter case, if the drug 

or favoured the outbreak of a latent condition, the drug 
dealer can be prosecuted for murder.

Throughout investigation is also crucial when the intoxi-
cation is due to substances– like cathinones– that are diffi-
cult to be tested and whose toxic and lethal levels are often 
misknown or unknown [12, 66–68].

Moreover, pathologists should always consider that, 
when the drug level is interpreted, many confounding vari-
ables should be taken into account: (i) if the victim was 
fragile, for instance severely comorbid, a lower dose may 
be fatal; (ii) if the victim was a chronic user, the fatal dose 
is usually higher than a naïve user; (iii) factors that may 
underestimate/overestimate the actual drug level like time 
interval between death and sampling, sampling choices 
(e.g., peripheral vs. central blood), use of correct storage 
procedures (e.g., high conservation temperatures, failure to 
use preservatives) and analytical procedures [66–68].

Moreover, as shown by our review, there is no strict 
correlation between drug level and likelihood of toxic SD, 
being impossible to draw a dose-dependent likelihood dis-
tribution of SD caused by drug rather than by other causes.

Accurate clinical information is fundamental for the 
pathologist, but are often of scarce importance for this dif-
ferential diagnosis, since– as said - cocaine and cannabis 
can evocate a characteristic Brugada pattern in the ECG, as 
cocaine, amphetamines and some opioids can prolong QT 
[69, 70]. On the other side, history of drug abuse is still fre-
quently underreported, as conditions unrelated to drugs or 
cardiac disorders that can still explain arrhythmic anomalies 
[27, 32].

Solid forensic procedure is therefore fundamental. As 
first step, toxicological testing must be performed in order 
to marginalize the risk of false positives and negatives: for 

Fig. 3  Adapted from [65]: sudden 
death of a 41-year-old chronic 
abuser of alcohol and cocaine 
affected by arrhythmogenic cardio-
myopathy: biventricular hypertro-
phy (A); thinning to the apex of the 
right ventricle at the transillumina-
tion test (B); fatty replacement of 
the right ventricle myocardium 
with fibrosis and some residual 
myocyte with perinuclear vacuol-
ization and myofibril loss (C); right 
ventricular myocardium fibrosis 
with initial myocytes trapping (D)
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This workflow is summarized in Fig. 4.

Conclusion

A sudden death event, especially in the young population, 
suggest a comprehensive medio-legal autopsy. In cases 
without a conclusive cause of the unexpected decease, in 
particular when toxicological testing is negative or does 
not show lethal concentrations, molecular autopsy should 
always be considered. A multidisciplinary analysis of the 
data, combining the toxicological, pathological and geneti-
cal perspectives is recommended to unravel the origin of the 
lethal event.
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levels are lethal - i.e., able to justify the cause of the 
death. In cases with significant microscopic and toxico-
logical results, the forensic pathologist should carefully 
evaluate and discuss the hypothesis of an interaction be-
tween structural anomalies and intoxication.

	● If there are not relevant histologic alterations and there 
is no clear evidence of a lethal intoxication (e.g., the tox-
icological testing is negative, the drug level is not higher 
than the lethal concentration), the forensic pathologist 
should carefully analyse other sources of information 
(e.g., familiar anamnesis) to evaluate if a molecular au-
topsy can be indicated. If the forensic toxicologist can-
not exclude an underestimation of the drug levels, a new 
analysis should be considered before molecular autopsy, 
if proper matrix is still available.

Scenario 2: heart with macroscopic anomalies.

	● if there is evidence of a lethal intoxication, before cer-
tifying the cause of the death, the forensic pathologist 
should still revise all the available information, includ-
ing familiar anamnesis, to verify if a molecular cause 
of sudden death can confidently be ruled out without 
post-mortem genetic testing (that remains a tool for per-
esclusionem diagnosis).

	● if the drug levels are not lethal, the forensic pathologist 
should verify if the alterations can reliably be consid-
ered the cause of the death or, if the cause of the death is 
still uncertain, indicate a molecular autopsy.

Fig. 4  Workflow diagram for two autopsy scenarios involving the use 
of illicit drugs. In cases negative at the autopsy (no macroscopic altera-
tion), with a normal heart, toxicological information should always be 
carefully considered, with molecular autopsy potentially being indi-
cated if the identified drug concentration is not lethal - low or even 

negative. If anomalies are found at the cardiac exploration, even if the 
toxicological values are lethal, a molecular autopsy may still be con-
sidered because of the possibility of an interaction between drug and 
congenital abnormal substrate

 

1 3

1088



International Journal of Legal Medicine (2025) 139:1081–1091

11.	 Adamowicz P (2021) Blood concentrations of synthetic cathi-
nones. Clin Toxicol 59:648–654. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​1​5​​5​6​3​​6​
5​0​​.​2​0​2​​0​.​​1​8​4​8​1​0​0

12.	 Arillotta D, Totti A, Dimitrova A, Croce EB, Di Milia MG, Gam-
bassi F, Gualco B, Pieraccini G, Mannaioni G, Vaiano F (2024) 
Clinical manifestations and Analytical reports for MDPHP Acute 
intoxication cases. J Pharm Biomed Anal 241. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
1​​0​1​6​​/​j​.​​j​p​b​a​.​2​0​2​4​.​1​1​5​9​7​4

13.	 Havakuk O, Rezkalla SH, Kloner RA (2017) Cardiovasc Eff 
Cocaine

14.	 O’leary ME (2002) Inhibition of HERG Potassium Channels by 
Cocaethylene: A Metabolite of Cocaine and Ethanol;; Vol. 53

15.	 Pilgrim JL, Woodford N, Drummer OH (2013) Cocaine in Sud-
den and unexpected death: a review of 49 Post-mortem cases. 
Forensic Sci Int 227:52–59. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​f​o​r​​s​c​i​​i​n​t​.​​2​0​​
1​2​.​0​8​.​0​3​7

16.	 Dominic P, Ahmad J, Awwab H, Bhuiyan MS, Kevil CG, Goeders 
NE, Murnane KS, Patterson JC, Sandau KE, Gopinathannair R et 
al (2022) Stimulant drugs of abuse and Cardiac Arrhythmias. Circ 
Arrhythm Electrophysiol 15:E010273

17.	 Cooper CJ, Said S, Alkhateeb H, Rodriguez E, Trien R, Ajmal 
S, Blandon PA, Hernandez GT (2013) Dilated Cardiomyopathy 
Secondary to Chronic Cocaine Abuse: A Case Report

18.	 Cinq-Mars A, Massot M, Belzile D, Turgeon PY, Dubois-Sénéchal 
S-M, Laliberté C, Komlosy M-È, Leblanc M-H, Bergeron S, 
O’Connor K et al (2022) Heavy burden of toxic dilated cardio-
myopathy among young adults: a retrospective study and review 
of the literature. Can J Cardiol 38:49–58. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​
j​.​​c​j​c​a​.​2​0​2​1​.​1​1​.​0​0​2

19.	 Restrepo CS, Rojas CA, Martinez S, Riascos R, Marmol-Velez 
A, Carrillo J, Vargas D (2009) Cardiovascular complications of 
Cocaine: imaging findings. Emerg Radiol 16:11–19

20.	 Reddy PKV, Ng TMH, Oh EE, Moady G, Elkayam U (2020) 
Clinical Characteristics and Management of Methamphetamine-
Associated Cardiomyopathy: State-of-the-Art Review. J Am 
Heart Assoc 9

21.	 Westover AN, Nakonezny PA, Haley RW (2008) Acute myocar-
dial infarction in young adults who abuse amphetamines. Drug 
Alcohol Depend 96:49–56. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​d​r​u​​g​a​l​​c​d​e​p​​.​
2​​0​0​8​.​0​1​.​0​2​7

22.	 Westover AN, Halm EA (2012) Do Prescription Stimulants 
Increase the Risk of Adverse Cardiovascular Events? A System-
atic Review

23.	 Abdullah CS, Aishwarya R, Alam S, Morshed M, Remex NS, 
Nitu S, Kolluru GK, Traylor J, Miriyala S, Panchatcharam M et al 
(2020) Methamphetamine induces cardiomyopathy by Sigmar1 
inhibition-dependent impairment of mitochondrial dynamics and 
function. Commun Biol 3. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​2​0​0​3​-​0​2​0​-​0​
1​4​0​8​-​z

24.	 Pilgrim JL, Gerostamoulos D, Drummer OH, Bollmann M (2009) 
Involvement of amphetamines in Sudden and unexpected death. J 
Forensic Sci 54:478–485. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​5​5​​6​-​4​​0​2​9​.​​2​0​​
0​8​.​0​0​9​4​9​.​x

25.	 Groenewegen KL, Gresnigt FMJ, Lonkhuyzen JJN, van; den 
Haan C, Franssen EJF, Riezebos RK, Ohana D, de Lange DW 
(2024) Cardiotoxicity after Synthetic Cathinone Use; two cases, a 
Case Series and Scoping Review. Cardiovasc Toxicol 24:209–224

26.	 Sellorsm K, Jones A, Chan B (2014) Death due to Intravenous 
Use of α-Pyrrolidinopentiophenone. Med J Aust 201:601–603. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​5​​6​9​4​​/​m​j​​a​1​3​.​0​0​2​0​3

27.	 Greenwald MK, Lundahl LH, Shkokani LA, Syed S, Roxas RS, 
Levy PD (2021) Effects of Cocaine and/or heroin use on resting 
Cardiovascular function. Int J Cardiology: Cardiovasc Risk Prev 
11. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​i​j​c​r​p​.​2​0​2​1​.​2​0​0​1​2​3

28.	 Rezkalla S, Kloner RA (2019) Cardiovascular effects of Mari-
juana. Trends Cardiovasc Med 29:403–407

Declarations

Competing interests  The authors declare no competing interest.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

1.	 Martínez-Barrios E, Grassi S, Brión M, Toro R, Cesar S, Cru-
zalegui J, Coll M, Alcalde M, Brugada R, Greco A et al (2023) 
Molecular Autopsy: Twenty Years of Post-Mortem Diagnosis in 
Sudden Cardiac Death. Front Med (Lausanne) 10

2.	 Salzillo C, Sansone V, Napolitano F (2024) Sudden Cardiac death 
in the Young: state-of-the-art review in molecular autopsy. Curr 
Issues Mol Biol 46:3313–3327

3.	 Lange RA, Hillis LD (2010) Sudden death in Cocaine abusers. 
Eur Heart J 31:271–273

4.	 Fischbach P (2017) The role of Illicit Drug Use in Sudden Death 
in the Young. Cardiol Young 27:S75–S79. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​7​​
/​S​1​​0​4​7​9​5​1​1​1​6​0​0​2​2​7​4

5.	 Morentin B, Callado LF (2019) Sudden Cardiac Death Associ-
ated to substances of abuse and psychotropic drugs consumed by 
Young people: a Population Study based on forensic autopsies. 
Drug Alcohol Depend 201:23–28. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​d​r​u​​g​
a​l​​c​d​e​p​​.​2​​0​1​9​.​0​3​.​0​2​1

6.	 Bjune T, Risgaard B, Kruckow L, Glinge C, Ingemann-Hansen O, 
Leth PM, Linnet K, Banner J, Winkel BG, Tfelt-Hansen J (2018) 
Post-mortem Toxicology in Young Sudden Cardiac death victims: 
a Nationwide Cohort Study. Europace 20:614–621. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​0​9​3​​/​e​u​​r​o​p​a​c​e​/​e​u​w​4​3​5

7.	 Trytell A, Osekowski M, Zentner D, Nehme Z, James P, Pflaumer 
A, Semsarian C, Ingles J, Stub D, La Gerche A et al (2023) Preva-
lence of Illicit Drug Use in Young patients with Sudden Cardiac 
Death. Heart Rhythm 20:1349–1355. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​h​r​
t​h​m​.​2​0​2​3​.​0​6​.​0​0​4

8.	 Morentin B, Ballesteros J, Callado LF, Meana JJ (2014) Recent 
Cocaine Use is a significant risk factor for Sudden Cardiovascular 
Death in 15-49-year-old subjects: a forensic case-control study. 
Addiction 109:2071–2078. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​a​d​​d​.​1​2​6​9​1

9.	 Sarquella-Brugada G, Fernandez-Falgueras A, Cesar S, Arbelo 
E, Coll M, Perez-Serra A, Puigmulé M, Iglesias A, Alcalde M, 
Vallverdú-Prats M et al (2022) Clinical impact of Rare variants 
Associated with inherited channelopathies: a 5-Year update. Hum 
Genet 141:1579–1589. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​3​9​-​0​2​1​-​0​2​3​7​
0​-​4

10.	 Schulz M, Schmoldt A, Andresen-Streichert H, Iwersen-Berg-
mann S, Revisited (2020) Therapeutic and Toxic Blood Concen-
trations of More than 1100 Drugs and Other Xenobiotics. Critical 
Care 2020 24:1 24, 1–4. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​S​1​​3​0​5​4​-​0​2​0​-​0​2​9​
1​5​-​5

1 3

1089

https://doi.org/10.1080/15563650.2020.1848100
https://doi.org/10.1080/15563650.2020.1848100
https://doi.org/10.1016/j.jpba.2024.115974
https://doi.org/10.1016/j.jpba.2024.115974
https://doi.org/10.1016/j.forsciint.2012.08.037
https://doi.org/10.1016/j.forsciint.2012.08.037
https://doi.org/10.1016/j.cjca.2021.11.002
https://doi.org/10.1016/j.cjca.2021.11.002
https://doi.org/10.1016/j.drugalcdep.2008.01.027
https://doi.org/10.1016/j.drugalcdep.2008.01.027
https://doi.org/10.1038/s42003-020-01408-z
https://doi.org/10.1038/s42003-020-01408-z
https://doi.org/10.1111/j.1556-4029.2008.00949.x
https://doi.org/10.1111/j.1556-4029.2008.00949.x
https://doi.org/10.5694/mja13.00203
https://doi.org/10.5694/mja13.00203
https://doi.org/10.1016/j.ijcrp.2021.200123
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1017/S1047951116002274
https://doi.org/10.1017/S1047951116002274
https://doi.org/10.1016/j.drugalcdep.2019.03.021
https://doi.org/10.1016/j.drugalcdep.2019.03.021
https://doi.org/10.1093/europace/euw435
https://doi.org/10.1093/europace/euw435
https://doi.org/10.1016/j.hrthm.2023.06.004
https://doi.org/10.1016/j.hrthm.2023.06.004
https://doi.org/10.1111/add.12691
https://doi.org/10.1007/s00439-021-02370-4
https://doi.org/10.1007/s00439-021-02370-4
https://doi.org/10.1186/S13054-020-02915-5
https://doi.org/10.1186/S13054-020-02915-5


International Journal of Legal Medicine (2025) 139:1081–1091

46.	 Schelleman H, Bilker WB, Kimmel SE, Daniel GW, Newcomb C, 
Guevara JP, Cziraky MJ, Strom BL, Hennessy S (2013) Amphet-
amines, Atomoxetine and the risk of Serious Cardiovascular 
events in adults. PLoS ONE 8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​
o​n​e​.​0​0​5​2​9​9​1

47.	 Awudu GAH, Besag FMC (2014) Cardiovascular effects of 
Methylphenidate, Amphetamines and Atomoxetine in the treat-
ment of attention-deficit hyperactivity disorder: an update. Drug 
Saf 37:661–676

48.	 El Sherbini A, Liblik K, Lee J, Baranchuk A, Zhang S, El-Diasty 
M (2023) Opioids-Induced inhibition of HERG Ion channels and 
sudden Cardiac Death, a systematic review of current literature. 
Trends Cardiovasc Med

49.	 Modesto-Lowe V, Brooks D, Petry N (2010) Methadone deaths: 
risk factors in Pain and addicted populations. J Gen Intern Med 
25:305–309

50.	 Dezfulian C, Orkin AM, Maron BA, Elmer J, Girotra S, Glad-
win MT, Merchant RM, Panchal AR, Perman SM, Starks MA 
et al (2021) Opioid-Associated Out-of-Hospital Cardiac Arrest: 
Distinctive Clinical Features and Implications for Health Care 
and Public Responses A Scientific Statement From the American 
Heart Association. Circulation 143, E836–E870

51.	 Tung MKY, Light M, Giri R, Lane S, Appelbe A, Harvey C, 
Athan E (2015) Evolving epidemiology of Injecting Drug Use-
Associated Infective endocarditis: a Regional Centre Experience. 
Drug Alcohol Rev 34:412–417. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​d​a​​r​.​1​2​2​2​8

52.	 Hoffman RS, Kirrane BM, Marcus SM (2008) A descriptive study 
of an outbreak of clenbuterol-containing heroin. Ann Emerg Med 
52:548–553. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​n​n​​e​m​e​​r​g​m​e​​d​.​​2​0​0​8​.​0​4​.​0​2​
6

53.	 Zamboni L, Portoghese I, Casari R, Fusina F, Santin L, Lecca LI, 
Campagnari S, Carli S, Zandonai T, Lugoboni F (2024) High-
dose benzodiazepine use and QTc interval prolongation, a latent 
class analysis study. Sci Rep 14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​9​8​-​0​
2​3​-​5​0​4​8​9​-​3

54.	 Errico S, Bedocchi D, Drommi M, Barranco R, Bonsignore A, 
Ventura F (2021) Forensic pathological study of methadone-
related deaths in the Genoa (Italy) District: a six-year study. J 
Forensic Leg Med 79. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​f​l​m​.​2​0​2​1​.​1​0​2​1​4​9

55.	 Alonso JV, Teo BHY, Pozo FJF del;, Aguayo MA, Sanchez A 
(2016) Brugada Electrocardiogram Pattern Induced by Cannabis; 
Is Cannabis Safe? American Journal of Emergency Medicine 34, 
1738.e1-1738.e4, doi:10.1016/j.ajem.2015.12.081

56.	 Paul C, Charlotte M, Isabelle E, de la Geoffroy G, Jean-Claude 
L (2023) Evaluation of the Cardiovascular Risk Induced by Can-
nabis Use from a series of 43 autopsy cases. Int J Legal Med 
137:1725–1733. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​1​4​-​0​2​3​-​0​3​0​7​9​-​x

57.	 Aryana A, Williams MA (2007) Marijuana as a trigger of Cardio-
vascular events: speculation or scientific certainty? Int J Cardiol 
118:141–144

58.	 Alper KR, Stajić M, Gill JR (2012) Fatalities temporally Associ-
ated with the ingestion of Ibogaine. J Forensic Sci 57:398–412. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​5​5​​6​-​4​​0​2​9​.​​2​0​​1​1​.​0​2​0​0​8​.​x

59.	 Koenig X, Hilber K (2015) The Anti-addiction Drug Ibogaine and 
the heart: a delicate relation. Molecules 20:2208–2228

60.	 Blaho Kari M (1997) Clinical pharmacology of Lysergic Acid 
Diethylamide: Case Reports and Review of the treatment of 
intoxication. Am J Ther 4:211–221

61.	 Raval MV, Gaba RC, Brown K, Sato KT, Eskandari MK (2008) 
Percutaneous transluminal angioplasty in the treatment of exten-
sive LSD-Induced Lower Extremity Vasospasm Refractory to 
Pharmacologic Therapy. J Vasc Interv Radiol 19:1227–1230. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​v​i​r​.​2​0​0​8​.​0​5​.​0​0​8

62.	 Lieberman AN, Bloom W, Kishore PS, Lin JP (1974) Carotid 
Artery Occlusion Following Ingestion LSD

29.	 Hartung B, Kauferstein S, Ritz-Timme S, Daldrup T (2014) Sud-
den unexpected death under Acute Influence of Cannabis. Foren-
sic Sci Int 237. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​f​o​r​​s​c​i​​i​n​t​.​​2​0​​1​4​.​0​2​.​0​0​1

30.	 Drummer OH, Gerostamoulos D, Woodford NW (2019) Canna-
bis as a cause of death: a review. Forensic Sci Int 298:298–306

31.	 Grassi S, Vidal MC, Campuzano O, Arena V, Alfonsetti A, Rossi 
SS, Scarnicci F, Iglesias A, Brugada R, Oliva A (2021) Sudden 
death without a Clear cause after Comprehensive Investigation: 
an Example of Forensic Approach to Atypical/Uncertain findings. 
Diagnostics 11. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​d​i​​a​g​n​o​s​t​i​c​s​1​1​0​5​0​8​8​6

32.	 Jouanjus E, Lapeyre-Mestre M, Micallef J (2014) Cannabis Use: 
Signal of increasing risk of Serious Cardiovascular disorders. J 
Am Heart Assoc 3. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​6​1​​/​J​A​​H​A​.​1​1​3​.​0​0​0​6​3​8

33.	 Latif Z, Garg N (2020) The impact of Marijuana on the Cardio-
vascular System: a review of the Most Common Cardiovascular 
events Associated with Marijuana Use. J Clin Med 9:1–16

34.	 Kariyanna P, Wengrofsky P, Jayarangaiah A, Haseeb S, Salcic-
cioli L, Hegde S, Marmur J, Soliman Y, Al-Bayati S, McFarlane 
S (2019) Marijuana and Cardiac arrhythmias: a scoping study. Int 
J Clin Res Trials 4. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​3​4​​4​/​2​​4​5​6​-​8​0​0​7​/​2​0​1​9​/​1​3​2

35.	 Nef HM, Möllmann H, Hilpert P, Krause N, Troidl C, Weber M, 
Rolf A, Dill T, Hamm C, Elsässer A (2009) Apical Regional Wall 
Motion abnormalities reminiscent to Tako-Tsubo Cardiomyopa-
thy following consumption of psychoactive Fungi. Int J Cardiol 
134. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​i​j​c​a​r​d​.​2​0​0​7​.​1​2​.​0​6​4

36.	 Franz M, Regele H, Kirchmair M, Kletzmayr J, Sunder-Plass-
mann G, Horl WH, Pohanka E (1996) Nephrology Dialysis Trans-
plantation Magic Mushrooms: Hope for a cheap High Resulting 
in End-Stage Renal Failure;; Vol. 11

37.	 Borowiak KS, Ciechanowski K, Waloszczyk P (1998) Psilocybin 
Mushroom (Psilocybe Semilanceata) Intoxication with Myocar-
dial Infarction;; Vol. 36

38.	 Li S, Ma QB, Tian C, Ge HX, Liang Y, Guo ZG, Zhang CD, 
Yao B, Geng JN, Riley F (2019) Cardiac arrhythmias and cardiac 
arrest related to mushroom poisoning: a Case Report. World J 
Clin Cases 7:2330–2335. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​9​9​​8​/​w​​j​c​c​.​v​7​.​i​1​6​.​2​
3​3​0

39.	 Alcohol’s Effects on the Cardiovascular System
40.	 Holmström L, Kauppila J, Vähätalo J, Pakanen L, Perkiömäki J, 

Huikuri H, Junttila J (2022) Sudden Cardiac death after Alcohol 
Intake: classification and autopsy findings. Sci Rep 12. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​9​8​-​0​2​2​-​2​0​2​5​0​-​3

41.	 Perkiömäki J, Hookana E, Kaikkonen K, Junttila J, Kortelainen 
ML, Huikuri H (2016) Blood alcohol in victims of Sudden Car-
diac Death in Northern Finland. Europace 18:1006–1009. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​e​u​​r​o​p​a​c​e​/​e​u​v​3​4​1

42.	 Kauppila JP, Pakanen L, Porvari K, Vähätalo J, Holmström L, 
Perkiömäki JS, Huikuri HV, Junttila MJ (2021) Blood alcohol 
levels in Finnish victims of non-ischaemic sudden Cardiac death. 
Ann Med 53:413–419. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​7​​8​5​3​​8​9​0​​.​2​0​2​​1​.​​1​
8​9​0​2​0​4

43.	 Wu CF, De La Cruz C, Sultan Ahmed S, Regan TJ Arrhythmias,and 
the Holiday Heart: Alcohol-Associated Cardiac Rhythm 
Disorders

44.	 Tu SJ, Gallagher C, Elliott AD, Linz D, Pitman BM, Hendriks 
JML, Lau DH, Sanders P, Wong CX (2022) Alcohol consumption 
and risk of ventricular arrhythmias and sudden Cardiac death: 
an observational study of 408,712 individuals. Heart Rhythm 
19:177–184. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​h​r​t​h​m​.​2​0​2​1​.​0​9​.​0​4​0

45.	 Chan S, Park MP (2024) E.-K.C.M.P. 3 ∙ S.H.K.M.P. 3 ∙ S.O.M.P. 
3 alcohol is neither a risk factor nor a protective factor for Sudden 
Cardiac Death and/or fatal ventricular arrhythmia: a Population-
based study with Genetic Traits and Alcohol Consumption in the 
UK Biobank. Focus Issue: Sudd Death| Ventricular Tachycardia 
22:1820–1826

1 3

1090

https://doi.org/10.1371/journal.pone.0052991
https://doi.org/10.1371/journal.pone.0052991
https://doi.org/10.1111/dar.12228
https://doi.org/10.1016/j.annemergmed.2008.04.026
https://doi.org/10.1016/j.annemergmed.2008.04.026
https://doi.org/10.1038/s41598-023-50489-3
https://doi.org/10.1038/s41598-023-50489-3
https://doi.org/10.1016/j.jflm.2021.102149
https://doi.org/10.1007/s00414-023-03079-x
https://doi.org/10.1111/j.1556-4029.2011.02008.x
https://doi.org/10.1111/j.1556-4029.2011.02008.x
https://doi.org/10.1016/j.jvir.2008.05.008
https://doi.org/10.1016/j.jvir.2008.05.008
https://doi.org/10.1016/j.forsciint.2014.02.001
https://doi.org/10.3390/diagnostics11050886
https://doi.org/10.1161/JAHA.113.000638
https://doi.org/10.15344/2456-8007/2019/132
https://doi.org/10.1016/j.ijcard.2007.12.064
https://doi.org/10.12998/wjcc.v7.i16.2330
https://doi.org/10.12998/wjcc.v7.i16.2330
https://doi.org/10.1038/s41598-022-20250-3
https://doi.org/10.1038/s41598-022-20250-3
https://doi.org/10.1093/europace/euv341
https://doi.org/10.1093/europace/euv341
https://doi.org/10.1080/07853890.2021.1890204
https://doi.org/10.1080/07853890.2021.1890204
https://doi.org/10.1016/j.hrthm.2021.09.040


International Journal of Legal Medicine (2025) 139:1081–1091

71.	 Tominaga M, Michiue T, Inamori-Kawamoto O, Hishmat AM, 
Oritani S, Takama M, Ishikawa T, Maeda H (2014) Efficacy of 
drug screening in forensic autopsy: Retrospective Investigation 
of Routine Toxicological findings. Leg Med 17:172–176. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​l​e​g​​a​l​m​​e​d​.​2​​0​1​​5​.​0​1​.​0​0​1

72.	 Rajab R, Stearns E, Baithun S (2008) Autopsy Pathology of 
Cocaine users from the Eastern District of London: a retrospec-
tive cohort study. J Clin Pathol 61:848–850. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​1​1​​​
3​6​/​​​j​c​p​.​2​​0​0​7​.​0​5​4​5​6​9

73.	 Florian A, Masci PG, De Buck S, Donato Aquaro G, Claus P, 
Todiere G, Cleemput J, Van; Lombardi M, Bogaert J (2012) Geo-
metric Assessment of Asymmetric Septal Hypertrophic Cardiomy-
opathy by CMR

74.	 Hughes SE (2004) The Pathology of Hypertrophic Cardiomyopa-
thy; 2004; Vol. 44

75.	 Oliva A, Grassi S, Pinchi V, Cazzato F, Coll M, Alcalde M, Vall-
verdú-Prats M, Perez-Serra A, Martínez-Barrios E, Cesar S et al 
(2022) Structural Heart Alterations in Brugada Syndrome: Is It 
Really a Channelopathy? A Systematic Review. J Clin Med 11

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

63.	 Sklerov J, Tevine B, Moore KA, King T, Fowler D A Fatal Intoxi-
cation Following the Ingestion of 5-Methoxy-N,N-Dimethyltrypt-
amine in an Ayahuasca Preparation; Vol. 29

64.	 Grassi S, Campuzano O, Coll M, Brión M, Arena V, Iglesias A, 
Carracedo Á, Brugada R, Oliva A (2020) Genetic variants of 
Uncertain significance: how to Match Scientific Rigour and Stan-
dard of Proof in Sudden Cardiac Death? Leg Med 45. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​l​e​g​​a​l​m​​e​d​.​2​​0​2​​0​.​1​0​1​7​1​2

65.	 Cittadini F, De Giovanni N, Alcalde M, Partemi S, Campuzano O, 
Brugada R, Oliva A (2015) Genetic and toxicologic investigation 
of Sudden Cardiac Death in a patient with Arrhythmogenic Right 
Ventricular Cardiomyopathy (ARVC) under Cocaine and Alcohol 
effects. Int J Legal Med 129:89–96

66.	 Pounder DJ, Jones GR (1990) POST-MORTEM DRUG REDIS-
TRIBUTION-A TOXICOLOGICAL NIGHTMARE

67.	 Pelissier-Alicot A-L, Gaulier J-M, Champsaur P, Marquet P 
(2003) Mech Underlying Postmortem Redistribution Drugs: 
Rev;; Vol. 27

68.	 Abdelaal GMM, Hegazy NI, Etewa RL, Elmesallamy GEA 
(2023) Postmortem redistribution of drugs: a Literature Review. 
Forensic Sci Med Pathol. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​2​0​2​4​-​0​2​3​-​0​0​
7​0​9​-​z

69.	 Yap YG, Behr ER, Camm AJ (2009) Drug-Induced Brugada Syn-
drome Europace 11:989–994

70.	 Ohns MJ (2020) Unintentional Cocaine exposure and Brugada 
Syndrome: a Case Report. J Pediatr Health Care 34:606–609. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​p​e​d​h​c​.​2​0​2​0​.​0​6​.​0​0​9

1 3

1091

https://doi.org/10.1016/j.legalmed.2015.01.001
https://doi.org/10.1016/j.legalmed.2015.01.001
https://doi.org/10.1136/jcp.2007.054569
https://doi.org/10.1136/jcp.2007.054569
https://doi.org/10.1016/j.legalmed.2020.101712
https://doi.org/10.1016/j.legalmed.2020.101712
https://doi.org/10.1007/s12024-023-00709-z
https://doi.org/10.1007/s12024-023-00709-z
https://doi.org/10.1016/j.pedhc.2020.06.009
https://doi.org/10.1016/j.pedhc.2020.06.009

	﻿Fatal intoxications and inherited cardiac disorders in the young: where to draw the line?
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Results
	﻿Alcohol
	﻿Cocaine
	﻿Amphetamines
	﻿Cathinones
	﻿Opioids
	﻿Cannabis
	﻿Hallucinogens

	﻿Discussion
	﻿Conclusion
	﻿References


