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Abstract
Research on drug-induced cardiomyopathy (CM) has largely focused on medically prescribed drugs due to reduced drug efficacy and complicated patient management. 
Investigation on other aetiologies – environmental toxins including cardiodepressant agents (ethanol), cardiostimulant agents (cocaine and amphetamine), heavy 
metals (cobalt, lead, mercury, arsenic, lithium or beryllium) and carbonaceous compounds (carbon monoxide or tetrachloride) have been relatively rarely. However, 
accumulating clinical data demonstrates that exposure to these environmental toxins has a pathogenic role mostly in populations with extreme dietary deficiency 
and/or long-term occupational exposure. Animal models of CM used to explore cardiotoxicity of environmental toxins have also heightened the awareness of their 
potential contributions to the pathogenesis of CM in the absence of any other known cause. Thus, the purpose of this paper is to review published evidence on toxic 
(non-medical drug) induced CM including a meta-analysis of causative toxins, pathophysiology, diagnosis and clinical management.
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Introduction
From time immemorial, humans have consumed non-medical 

(recreational) drugs to lessen physical pain or to alter their mental 
state of consciousness. This form of drug use was limited to individuals 
who had attained maturity age or in very particular situations such as 
ceremonies. However, over time, drug use or abuse has progressively 
emerged as a serious social and public health problem, and in the 
process, generating great clinical concerns [1]. This is attributable to 
widespread drug abuse in many sectors of the population, the decline 
in the age of usage initiation and the severity of individual and health 
consequences of drug abuse. Originally, drug abuse was associated with 
the consumption of illegal drugs such as heroin. Currently, the concern 
has expanded to include the consumption of legalized drugs such as 
alcohol and tobacco, considered the gateway to the use of hard drugs 
such as cocaine and cannabis whose consumption is increasing [2].

On the other hand, drug-abuse prevention programs, both 
pharmacological and psychological treatments, have improved over 

the past two decades. However, prophylactic and therapeutic strategies, 
given the continuous change and complexity of drug use or abuse, is 
still insufficient [3]. Nevertheless, with increased association of drug-
abuse with cardiotoxic effects and the development of cardiomyopathy 
(CM) including a related increase in hospitalization rates and mortality, 
the clinical need to understand the pathophysiology of cardiac damage 
including diagnosis and management has assumed some sense of 
urgency. The present paper discusses some basic concepts of drug-
induced CM as well as reviews the definition of drugs, cardiotoxicity 
and CM. This paper also reviews specific drugs and toxins that cause 
CM, their pathophysiologic mechanisms, diagnosis and clinical 
management. Finally, a meta-analysis of diagnosis and treatment of 
toxin-induced CM is provided as well as the identification of areas of 
limited knowledge that may benefit from additional research. 

Definitions
A drug is any substance which when introduced into the living 

organism can modify one or more of its function [4]. Drugs may be 
broadly classified into medical and non-medical. Medical drugs, mostly 
prescription drugs, are taken to treat or to manage a specific medical 
condition while non-medical drugs, mostly recreational drugs, are 
taken to alter mental conscious state or to alleviate pain. The present 
paper centres on non-medical drugs that can cause CM as well as other 
environmental toxins capable of causing cardiotoxicity and CM. In 
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the present context of drug-induced CM, drug use is defined as drug 
consumption that does not have a negative impact on health of the user 
while drug abuse is drug consumption associated with dependence 
– a set of psychological, behavioural and cognitive manifestations in 
which the use of the drug becomes a priority for the individual. Often, 
drug abuse is associated with tolerance, defined as the need to consume 
more of a drug to achieve the effects of previous consumption. CM on 
the other hand, has been defined as a progressive myocardial disease 
characterized by impaired systolic and/or diastolic function often 
accompanied by abnormalities in the cardiac conduction system in 
the absence of any other known or demonstrable cause [5,6]. The 
predominant causes of CM are genetics and cardiac or systemic 
diseases although the exposure to environmental toxins including 
prescribed and non-prescribed drugs may also cause the disease [5]. 
Drug-induced CM has important clinical implications including 
reduced efficacy of the affected prescription drugs and complications 
in patient management whereas CM due to widespread abuse of 
non-prescription drugs and chronic exposure to heavy metals have 
considerable health and socioeconomic effects [7-9].

Causative toxins

The predominant non-prescription drugs whose continued 
exposure may result in CM may be classified based on the effect on 
the heart as cardiodepressant (ethanol) and cardiostimulants (cocaine 
or amphetamines), and environmental toxins such as heavy metals 
(cobalt, lead, mercury, arsenic, lithium or beryllium) and carbonaceous 
compounds (carbon monoxide or carbon tetrachloride) [5].

Cardiodepressant: Alcohol is one of the most commonly abused 
legalized non-medical drug classified as a central nervous system 
(CNS) depressant (also cardiodepressant). Ethanol is the active 
ingredient in alcohol (obtained from fermentation of sugars from 
different plants) responsible for myocardial damage via inducing (i) 
direct dose-dependent myocardial damage manifesting as acute effects 
on heart rhythm and left ventricular (LV) function; and (ii) chronic 
progressive LV dysfunction that may remain subclinical for a long time, 
known as alcoholic CM (ACM) [9,10]. Ethanol intoxication (plasma 
levels > 75 mg per 100 ml) exerts an acute cardiodepressive action by 
depressing myocardial contractility. The effect on the myocardium is 
reversible since ethanol intoxication has been demonstrated to exert 
a direct negative inotropic action with a reversible dose-dependent 
decrease in myocardial contractility [11,12]. ACM is a major cause 
of dilated cardiomyopathy (DCM) [13-16]. Reported incidences of 
ACM range between 21% and 32% of DCM in surveys conducted at 
referral hospitals [17] and higher (> 50%) in patient populations with 
a higher frequency of alcoholism [18]. A majority of alcoholics may 
have preclinical myocardial dysfunction based on autopsy findings of 
cardiomegaly and other signs of CM in alcoholics who did not exhibit 
overt symptoms of cardiac disease [19]. 

Moderate alcohol consumption has been demonstrated to 
produce a cardioprotective effect in both healthy individuals and 
those with heart diseases [20,21] creating a debate of the amount 
and duration required to produce a detrimental clinical effect on 
the heart. Moderate alcohol consumption (1-2 drinks per day or 
5-25 g/day) decreases cardiovascular and all-cause mortality, and 
other hard clinical endpoints including CAD, ischemic strokes and 
amputations due to peripheral vascular diseases [22-25]. The exact 
duration and intensity of alcohol consumption preceding preclinical 
and symptomatic heart failure (HF) is not definitely known but the 
evidence of consumption of > 90g/day of alcohol (8 to 21 standard 

drinks) for an average duration of drinking of 5 years has been 
described [26-29]. However, it is important to note that the potential 
cardiac injury with chronic alcohol abuse is not beverage-specific nor 
quantity-specific but varies based on population studied, individual 
characteristics, genetic and environmental factors [30].

Pathogenesis: The pathogenesis of ACM is complicated by varied 
outcomes such as cardioprotection of moderate alcohol consumption 
and the lack of the disease on some heavy alcohol users. Nevertheless, 
heavy drinking has been linked with asymptomatic and symptomatic 
LV systolic and/or diastolic dysfunction [30]. Environmental factors 
such as cobalt and arsenic, and genetic predisposition (HLA-B8, 
alcohol dehydrogenase alleles) have been suggested as possible triggers 
or abettors of aetiopathogenesis of ACM. An epidemic of ACM among 
Quebec beer-drinkers in the 1960s was associated with a 42% mortality 
rate but the high prevalence of ACM disappeared after brewers 
discontinued adding cobalt to stabilize the beer [31,32]. Genetic factors 
on the other hand, determine the rate of alcohol metabolism and thus 
plays an important role in determining the interaction between alcohol 
and its metabolites, and the heart [33-36]. 

Alcohol quantity and environmental and genetic factors influence 
the pathogenesis of ACM but the exact mechanisms underlying cardiac 
injury is poorly understood. Current evidence suggests the main 
pathogenic mechanisms of ACM may be due to the interference in 
carbohydrate metabolism, protein synthesis, alterations in oxidative 
status, and mitochondrial function, disruption of transduction 
signals, and induction of apoptosis [10]. However, ethanol itself is a 
direct noxious cardiac agent in a progressive, cumulative and dose-
dependent manner, and its effect may be independent of nutritional, 
vitamin or mineral factors [9,10,37]. Ethanol alters the permeability 
of sarcoplasmic reticulum to calcium ions to reduce the efficiency by 
which calcium activates muscle contraction and decreases the synthesis 
of cardiac proteins in both contractile actin-myosin complex and in 
mitochondria predominantly in alcoholics with high blood pressure. A 
metabolite acetaldehyde and free radicals may also contribute to reduced 
protein synthesis [10]. Ethanol can also induce myocardial injury by 
increasing the expression of certain genes (pro-apoptotic protein Bax 
and caspase-3 enzyme activity), which can promote programmed cell 
death leading to myocyte loss [38-40]. It is also possible that other 
cell types or systems such as the sympathetic nervous system, renin-
angiotensin system, cytokines and natriuretic peptides are activated 
and contribute to the overall myocardial injury. In addition to direct 
toxic effect of ethanol on the myocardium to cause apoptosis, necrosis 
and myocyte loss, other mechanism may influence the development of 
alterations in cardiac function and structure [40].

Diagnosis: Heavy drinkers usually have lower LVEF, greater end-
diastolic volumes, lower mean fractional shortening and a greater 
LV mass compared to healthy controls in a dose-dependent manner 
[10,40], which are independent of nutritional status or other habits 
such as tobacco smoking [41]. Echocardiographic abnormalities such 
as increased left atrial dimension, increased LV wall thickness and 
decreased fractional shortening precede the onset of clinical symptoms 
or physical findings [42,43]. Despite changes in LV structure and 
function, ACM lacks pathognomonic features that distinguishes the 
disease from other causes of HF, which is further complicated by the 
presence of other risk factors for CM [30]. History of alcoholism is a 
key factor for ACM diagnosis strengthened by the lack of other inciting 
factors such as prescribed drugs (. doxorubicin) and non-prescribed 
medication (cocaine) or ischemic heart disease [30]. Clinically, ACM 
manifests as four-chamber dilatation, low cardiac output and preserved 
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or decreased LV wall thickness. Clinical signs of HF such as third 
heart sound, elevated jugular venous pressure and cardiomegaly with 
or without rales may be observed in decompensated states [44,45]. 
Concomitant liver disease due to cirrhosis may complicate diagnosis 
with the clinical picture is less clear. Supraventricular arrhythmias 
associated with heavy alcohol intake, as well as sudden cardiac death, 
are complications of ACM [46-48]. Cause of death in ACM patients 
mimic those of idiopathic DCM – progressive HF and sudden cardiac 
death [26]. Alcoholics with concomitant ACM and liver cirrhosis carry 
an ominous prognosis [49].

Management: The ESC and AHA guidelines recommend Clinical 
management of ACM patients should begin with total abstinence 
from alcohol in addition to the standard management of HF [5]. 
Alcohol cessation has been associated with reversibility of depressed 
LV function and/or improvement of symptoms and signs of HF [50]. 
However, prognosis remains poor with a mortality rate of 40% to 
50% within three to six years if the patient does not remain abstinent. 
Patients with chronic alcoholism may exhibit nutritional deficiencies 
(vitamins, minerals such as thiamine, selenium or zinc), which can 
precipitate or aggravate the development of ACM, and may require 
supplement thiamine and folate [5].

Cardiostimulants

Psychomotor stimulants (also cardiostimulants) alter mental 
function and behaviour to produce excitement and euphoria, 
depressed sensation of fatigue, and increased motor activity. Exposure 
to cardiostimulants has been associated with adverse cardiovascular 
events such as tachycardia, supraventricular or ventricular arrhythmias, 
impaired conduction, hypertensive crises, acute coronary syndrome, 
cardiac shock and cardiac arrest [9]. Animal and autopsy studies and 
individual case reports have linked exposure to stimulants to structural 
and functional changes in cardiomyocytes and clinical manifestations 
of cardiomyopathy and congestive HF [51,52]. Commonly used and 
abused major psychomotor stimulants are cocaine, amphetamines or 
methamphetamines [9]. 

Cocaine: Cocaine (benzoylmethylecgonine) is a synthetic chemical 
derivative the coca plant leaves and a strong CNS stimulant used as 
a recreational drug. It is absorbed from all mucous membranes of 
the body, and as a result, has several consumption routes including 
snorting, inhaling as smoke or dissolving and injecting into a vein. 
Its consumption triggers psychotic behaviours while its withdrawal 
or suppression may result in potentially life threatening conditions 
including reactive depression and/or cocaine psychosis [53,54]. Cocaine 
is considered a sympathomimetic drug, which acts by inhibiting 
the reuptake of noradrenaline (norepinephrine) and dopamine 
sympathetic nerve terminals as well as via central pathways to release 
noradrenaline from adrenal medulla [55]. At high doses, cocaine can 
impair myocyte electrical activity and contractility by blocking fast 
sodium and potassium channels and inhibiting calcium entry into 
myocytes [56]. Cocaine has a short serum half-life of about 30 to 80 
minutes with 90% metabolized and excreted in urine over a fortnight, 
which provides a means to retrospective diagnosis of a recent ingestion 
[57]. Concomitant consumption with alcohol potentiate the cardiotoxic 
effect of cocaine by forming cocaethylene, a more potent cardiotoxic 
cocaine metabolite [58]. Cannabis also potentiate the cardiotoxic effect 
of cocaine via increasing plasma concentrations of the drug [59]. 

The use of cocaine is associated with multiple cardiovascular 
complications including chest pain, myocardial infarction (MI), 
arrhythmias, aortic dissection and stroke [60]. It is a rare cause of DCM, 

which often manifests in the absence of coronary artery disease (CAD) 
or segmental infarct pattern, reported to occur in 10 out of 1278 cases of 
DCM at John Hopkins Hospital [61]. The underlying pathophysiologic 
mechanisms of cocaine CM are not fully understood as well as the 
amount and duration of cocaine is necessary to develop cocaine 
CM but four mechanisms have been proposed. (i) The promotion of 
intracoronary thrombus formation; (ii) sympathomimetic effects; 
(iii) increased calcium flux into myocardial cells; and (iv) increased 
oxidative stress [62]. 

It is well recognized that the use of cocaine promotes the formation of 
intracoronary thrombus. Cocaine stimulates platelet hyperaggregability 
and increases thromboxane production in the setting of coronary 
vasospasm. These physiologic effects promote acute formation of 
intracoronary thrombus and myocardial ischemia contributing to the 
high incidence of MI in cocaine users. Acute myocardial ischemic and 
extensive or recurrent MI may also play a role in LV dysfunction and 
CM in cocaine users. Since most cocaine users with severe regional or 
global LV dysfunction do not have a history of obstructive CAD or MI, 
myocardial dysfunction may be a consequence of transient ischemic 
insults possibly in the setting of vasospasm or spontaneous coronary 
thrombosis. It is also likely that non-ischemic events of cardiomyocyte 
damage may also contribute to CM in cocaine users [62]. 

Secondly, since cocaine acts as a strong sympathomimetic agent, 
there is involvement of its sympathomimetic effect in the development 
of CM. Cocaine ingestion stimulates the beta-adrenergic receptors 
in the myocardial tissues to increase the force of cardiac contraction 
and heart rate. Cocaine also stimulates alpha-adrenergic receptors in 
coronary and peripheral arteries, which increases coronary resistance, 
reduced coronary blood flow, increased blood pressure and increased 
myocardial wall stress [64,65]. Increased wall stress common in acute 
cocaine intoxication instead of reduced contractility plays an important 
role in acute depression of LV function [66]. Finally, an increase in 
calcium flux into the myocardial cells and increased oxidative stress 
alter cardiac electrophysiology resulting in ECG abnormalities such 
as the prolongation of the PR, QRS and QTc duration, atrioventricular 
nodal conduction and maximum sinoatrial conduction time. These 
ECG changes may trigger atrial extra-systole, and atrial fibrillation and 
tachycardia as well as transient ventricular tachycardia [64].

Clinical manifestations of cocaine CM are similar to other 
forms of DCM. However, it should be strongly suspected in young 
males (< 50 years of age) presenting with signs of adrenergic excess 
(defined as a sudden and significant increase in the serum levels 
of the catecholamine adrenaline and noradrenaline but with a less 
significant increase in dopamine transmission) accompanied by HF 
or LV dysfunction [9]. Cocaine CM has an acute onset without a long 
prodrome. Common ECG abnormalities include sinus tachycardia 
with frequent arrhythmias including atrial fibrillation and ventricular 
tachycardia [61]. Echocardiogram demonstrates ab increase in LV 
mass and LV dysfunction. Urine test for cocaine and its metabolite 
(benzoylecgonine) is required to obtain evidence of recent cocaine 
ingestion. The cornerstone of clinical management of cocaine is 
abstinence, which has been shown to reverse cardiac function [63]. 
Beyond abstinence, little evidence is available about the treatment of 
cocaine CM. However, current expert consensus guidelines recommend 
the management of cocaine CM should be similar to other forms of 
DCM with the exception of beta-blockers, which should be avoided 
initially, and benzodiazepine indicated to blunt adrenergic excess [5,6]. 
Beta-blockers can be added later in compliant patients who follow-up 
and abstains. Same to alcohol, LV function can improve significantly 
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with abstinence from cocaine use. Unfortunately, the success of 
conventional HF treatment on patients with cocaine CM is complicated 
by high recidivism associated with a recurrence of LV dysfunction and 
symptomatic HF [5]. 

Amphetamines: Amphetamines are synthetic derivatives of 
phenethylamines, natural amines synthetized from phenylalanine. 
Adding a methyl group to amphetamines forms methamphetamine, 
which has a greater solubility in lipids and capacity to cross the 
blood brain barrier. Amphetamines are potent CNS stimulants more 
commonly used as a recreational drug to induce euphoria, increase 
alertness, intensify emotions, increase aggression, and alter self-esteem 
[9], and less commonly as a prescription drug to treat attention-deficit 
hyperactivity disorder (ADHD) and narcolepsy, a sleep disorder 
[67,68]. The common ingestion routes are inhaling (or smoking), 
swallowing (pill), snorting or injecting intravenously powder that has 
been dissolved in water/alcohol. It is readily absorbed from the nasal 
mucosa and gastrointestinal tract, and freely penetrates the blood-
brain barrier [3]. Metabolism varies highly and up to 30% of the parent 
compound can be excreted unchanged in urine. The plasma half-life 
varies significantly from 5 hours to 20-30 hours depending on urine 
flow and pH, with drug elimination increased in acidic urine [3]. 
Amphetamine or its metabolites is detectable in urine for several days 
after ingestion but excretion can be prolonged by the administration of 
large doses or in the presence of alkaline urine (deliberate concomitant 
use of bicarbonate soda delays excretion and enhances the effect of 
the drug) [69]. Alcohol has been shown to potentiate the effect of 
amphetamines [8,9]. Ecstasy (3,4-Methylenedioxy methamphetamine) 
is a derivative of amphetamines and exerts a similar sympathomimetic 
effect, which usually begin about 20 minutes after ingestion and lasts 
up to six hours although the effect of larger doses can persist up to 48 
hours. It is commonly ingested orally (in tablet form) at less commonly 
annually, and metabolized by the liver and excreted by the kidney [3]. 

Pharmacologically, amphetamines are substrates for the neuronal 
uptake transporters for catecholamine including norepinephrine, 
serotonin and dopamine, and cause their release from nerve terminals 
in the central and autonomic nervous systems [70]. In contrast to 
cocaine, amphetamine can inhibit the enzyme monoamine oxidase 
and lacks the local anaesthetic effect of inhibiting sodium channels 
[9]. Commonly observed cardiovascular symptoms of ingestion of 
amphetamines include chest pain palpitations and dyspnoea, which 
manifest with or without underlying CAD [9]. Cardiomyopathy has 
been described in 18% of individuals using metamphetamines [51], 
and has been suggested as a possible cause of unexplained CM in 

young patients due to its widespread use [52]. Ecstasy can cause MI, 
arrhythmias and CM [71,72]. Animal studies show repeat exposure to 
ecstasy or its metabolites can result in eccentric LV dilation and diastolic 
dysfunction, and contractile dysfunction in cardiomyocytes [71,73]. 
Amphetamine associated sympathetic activation results in varying 
degrees of tachycardia, vasoconstriction, unpredictable blood pressure 
effects and arrhythmias, which depends on the dose and the presence 
or absence of co-occurring cardiovascular disease. Hypertension is 
common although severe hypotension due to paradoxical central 
sympathetic suppression, a late state of catecholamine depletion 
or ventricular impairment induced by ischemia or mechanical 
complications) may also occur [74-76]. 

The pathophysiology of amphetamine-induced CM is not fully 
understood. However, it is suggested to be a consequence of both direct 
cardiotoxic effect and indirect amphetamine-induced hypertension, 
necrosis and ischemic [77]. Repeated exposure of amphetamine in 
rats show the drug may directly induce cardiomyocyte hypertrophy, 
myocarditis with inflammatory infiltrates and areas of necrosis, 
and consequently may result in eccentric LV dilation and diastolic 
dysfunction [73]. High doses may result in cardiac dysfunction disorder 
with disruption of microtubules and actin [78]. These findings suggest 
that potential mechanisms of amphetamine-induced CM are related 
to oxidative stress and catecholaminergic stimulation. In addition, 
recreational use of amphetamines is often marked by a repeated 
pattern of frequent drug application followed by a period of abstinence, 
which significantly alter cardiovascular and cardiovascular reflex 
function, and produce cardiotoxicity [79]. However, the withdrawal of 
amphetamine has been associated with reversibility of cardiac lesions 
and the administration of standard DCM therapy lead to improvement 
in cardiac function [80,81] (Table 1).

Heavy metals

Heavy metals refer to metals with relatively high densities, atomic 
weights or atomic numbers [82,83]. Some heavy metals such as cobalt, 
lead, lithium and mercury have been implicated as a cause of selective 
cardiotoxicity and may play an important role in the pathogenesis of 
various forms of CM. These heavy metals can cause structural changes 
in cardiomyocytes, alter myocardial contraction and the deregulation 
of some essential enzymes in the myocardium [84].

Cobalt: Cobalt is a heavy metal and an important cause of reversible 
CM. It exists as a bivalent and trivalent molecule in circulation 
and produces a cytotoxic profile similar to nanoparticles, causing 
neurological, thyroid, and cardiological pathology [86]. Humans can 

Drug Cardiac effect Complications Clinical management

Cocaine Inhibits re-uptake of neuronal 
catecholamines Hypertension Benzodiazepines, nitrates, phentolamine, sodium nitroprusside, or 

hydralazine
Class I sodium channel blocker, anti-

arrhythmic effects Bradyarrhythmias (cocaine) Atropine (cautiously), temporary transvenous cardiac pacing

Supraventricular tachyarrhythmias Observation (reverses with time), adenosine, cardioversion, beta-blocker

Amphetamines Release catecholamines from nerve 
endings Ventricular arrhythmias Cardioversion, lignocaine, magnesium sulphate

Myocardial ischaemia and 
infarction Aspirin, nitrates, phentolamine, thrombolysis, or coronary intervention

Acute heart failure Diuretics, inotropes, ventilation and intra-aortic balloon pumping may be 
necessary

Ecstasy Release catecholamines from nerve 
endings

Non-cardiogenic pulmonary 
oedema Ventilation

Chronic heart failure
Endocarditis Conventional HF medication

Table 1. Summary of cardiac effect of cardiostimulants and management options
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be exposed to cobalt in several ways. First, cobalt is an ingredient in 
the manufacturing of glass, inks and pains as such occupations contact 
with cobalt occurs in processing plants, heavy metal industry, diamond 
polishing and the manufacture of ceramics [87-89]. Second, cobalt 
stimulates the production of red blood cells and thus used for the 
treatment of refractory anaemia, and by athletes, to increase red blood 
cells mass and consequently exercise performance [90,91]. Third cobalt 
is a component of high-performance, wear resistant alloys critical in 
the manufacture of implanted medical devices such as dental implants, 
coronary artery stents and metal orthopaedic prostheses [92-94]. 
Fourth, cobalt has been used to increase foam stability in beer [95-97]. 
Cobalt CM first became apparent in Quebec beer drinkers appearing 
as an epidemic among heavy drinkers in the mid-1960s [98,99]. The 
CM resembled typical DCM but was distinct from that generally 
seen in ACM characterized by large pericardial effusion, low output 
HF, purplish skin coloration and a high early mortality rate (42%). 
The cobalt CM disappeared after the withdrawal of cobalt from beer 
brewing process [31,98].

The exact pathophysiologic mechanism for developing cobalt 
CM is unclear but it has been suggested that cobalt may decrease 
myocardial contractility by a competitive antagonism with calcium [9]. 
Cobalt may interfere with the binding of calcium to the sarcolemma, 
the transport of calcium into the cardiomyocyte, and the inotropic 
effects of calcium [100,101]. Cobalt may also interrupt the citric acid 
cycle and the generation of adenosine triphosphate (ATP) by aerobic 
cellular respiration [102-104], inhibit the activity of respiratory 
chain enzymes and ATP production in mitochondria [105,106] and 
promote the production of reactive oxygen species [107,108]. The 
net result of these changes is depressed cardiac function and altered 
cardiac cell structure [109,110]. Experimental animal models show 
clinical manifestation of cobalt CM include weight loss, pericardial 
effusion and low voltage on ECG, modest histological changes with 
no inflammatory response on microscopy and ultrastructural changes 
including vacuolar degeneration, swollen and distorted mitochondrial, 
features observed in reversible experimental CM induced by alcohol 
and thiamine or protein deficiency [104,111-114]. The pathognomonic 
pathological findings in cobalt CM is the presence of dense osmophilic 
intra-mitochondrial particles [111,115,116].

Cobalt alone does not significantly alter mitochondrial function 
and cardiac contractility despite significant myocardial accumulation 
[117-119] indicating conditions other than exposure to cobalt 
potentiate or mediate the effect of cobalt. Experimental studies 
demonstrate minimal cardiac effect of cobalt, which became manifest 
in the presence of hypothyroidism or by the consumption of a low-
protein, low thiamine diet [112,116]. Deficiency of thiamine and 
thyroxine in the presence of cobalt act at the same enzymatic sites 
to disrupt normal functioning of citric acid cycle [120-124]. Dietary 
protein may modulate the absorption of cobalt and potentiate the 
development of goitre [125,126] and cobalt may suppress synthesis 
of thyroxine [127-129] and antagonize its peripheral actions [129-
131]. Due to these synergistic interactions, cobalt cardiotoxicity, 
dietary protein and thiamine deficiency, and hypothyroidism 
routinely coexist. Amino and sulfhydryl groups of amino acids has 
been demonstrated to provide protection against cobalt effects by 
combining with cobalt and preventing the chelation of cobalt with 
sulfhydryl groups of the myocardial tissue [99]. 

At present, a decrease in the medicinal utility of cobalt and the 
implementation of measures that were effective to reduce industrial 
exposure have significantly decreased the incidence of sub-acute 

cobalt CM. However, the classical features of cobalt CM have recently 
increased among patients with malfunctioning cobalt-alloy hip-
prosthesis [85]. Clinically, the features of cobalt CM based on the 
evaluation of Quebec beer drinkers, are readily distinguishable from 
those of idiopathic non-ischemic CM (Table 1). Typically, patients 
with cobalt CM have a history of anorexia and weight loss, acute 
onset of HF, presence of pericardial effusion, polycythemia and 
thyroid abnormalities and a clinical picture dominated by peripheral 
hypoperfusion presenting as hypotension, lactic acidosis and cyanosis. 
The syndrome resembled beriberi heart disease but with the absence 
of therapeutic response to treatment with thiamine [90,132] (Table 2).

The diagnosis of cobalt CM requires evidence of cardiac 
dysfunction and reversibility of cardiac dysfunction. (i) 
Demonstration of bi-ventricular dilatation and systolic dysfunction 
in the setting of blood/tissue concentration of cobalt are elevated; 
and (ii) normalization of cardiac structure and function when 
exposure ceases and blood/tissue concentration of cobalt are 
comparable to those of non-exposed individuals in the absence 
of other interventions used in the treatment of CM. Some studies 
have suggested cobalt may impair diastolic filling without affecting 
systolic function but echocardiographic evidence of diastolic filling 
is a common findings in middle-aged to elderly individual and thus 
its non-specific to individuals exposed to cobalt relative to non-
exposed controls [133-135]. Definitive treatment of cobalt CM is 
ceasing exposure to cobalt. In the setting of implant related causes, 
treatment is by surgical removal of prosthesis [136].

Lead: Lead is a toxic heavy meatal whose excessive or chronic 
exposure can cause overt, clinical symptoms of cardiac and vascular 
damage with potential fatal consequences. It has been associated with 
morphological, biochemical, and functional derangements of the 
heart as well as perturbations in cardiac electrical and mechanical 
activity [137,138]. Typical routes of lead exposure are inhalation and 
swallowing while the main sources of lead exposure are gasoline 
additives, food-can soldering, lead-based paints, ceramic glazes, 
drinking water pipe system and folk remedies [139]. Lead exposure has 
been associated with cardiovascular events such as hypertension CAD, 
stroke, peripheral artery disease and CM but the exact role of lead in 

Clinical features Idiopathic non-ischemic 
CM Cobalt-induced CM

Predisposing factors other 
than cobalt None Low-protein diet, thiamine 

deficiency, hypothyroidism

Recent medical history Variable and non-specific Recent history of anorexia 
and weight loss

Clinical presentation
Typical asymptomatic 
or slow progressive LV 

dysfunction

Rapid onset and progression 
of severe HF

ECG changes Non-specific changes or 
poor R-wave progression

Low voltage across all ECG 
leads, sinus tachycardia, 

absence of cardiac 
arrhythmias

Echocardiographic changes
Enlargement and depressed 

systolic function of both 
ventricles

Pericardial effusion, 
enlargement and depressed 
systolic function of one or 

both ventricles

Laboratory findings No typical findings
Polycythemia, 

hypothyroidism, elevated 
enzymes and lactic acidosis

Clinical course Typically slowly progressive 
over months to years

Rapidly progressive course 
with cyanosis, hypotension

Clinical outcome Infrequently reversible, low 
short-term mortality rate

High short-term mortality 
rate but survivors experience 

complete cardiac recovery

Table 2. Differences in cobalt CM and idiopathic non-ischemic CM
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cardiovascular diseases remains incompletely understood [141,142]. 
The severity of lead cardiotoxicity is influenced most directly by the 
dose of lead and the duration of lead exposure. Other factors such 
as the route of exposure, age of individuals, temperature and dietary 
calcium intake also appear to influence the expression and severity of 
cardiotoxic symptoms manifested in both acute and chronic forms of 
lead exposure [137]. 

The threshold of serum levels of lead that triggers cardiac 
involvement and symptoms of cardiotoxicity is yet to be determined 
conclusively. However, environmental and occupational lead exposures 
that raise serum lead levels > 100 µg% and 60 µg% in adults and children 
respectively have been associated with transient as well as permanent 
cardiac and vascular lesions and functional disturbances [137]. 
Cardiotoxic manifestations of acute and chronic lead exposure include 
myocarditis [143,144], ECG abnormalities [145-147], altered heart rate 
[145,147], slowed ventricular systole [145,148], hypertension [149-152], 
and vascular degeneration [144,145] (Table 3). Clinical evidence raising 
suspicion for lead cardiotoxicity rely on early studies, which include 
histological findings of degenerative and inflammatory changes in the 
myocardium [143], ECG abnormalities including sinus bradycardia 
[143,146-148], multifocal ventricular beats [143], T-wave inversion 
[147], left bundle branch block [143], first degree heart block [145,146] 
and ectopic atrial rhythms [147]. Other cardiac changes observed in 
occupational lead exposure include abnormal low voltage waves, S-T 
interval changes, arteriosclerotic changes, intimal fatty infiltration and 
proliferation of perivascular connective tissue, exertional dyspnoea and 
abnormal cardiovascular response to exercise [145]. 

Pathophysiologically, acute lead exposure affects cardiac function 
whereas chronic exposure affects the electrical and mechanical 
activity of the heart and alters myocardial function [137]. Lead may 
induce the generation of reactive oxygen species (ROS) and nitrogen 
species, and mediate the formation of free radicals, which enhances 
lipid peroxidation and changes in calcium and sulfhydryl homeostasis. 
The promotion of ROS production may trigger a cycle of oxidative 
stress and inflammation of the myocardial tissues [153]. In addition, 
the presence of inflammation may play a role in the progression of 
myocardial injury evident in increased expression and production of 
inflammatory marker in lead exposed patients [154]. Although these 
findings suggest a possible involvement of oxidative stress in the 
pathophysiology of lead cardiotoxicity, it is not clear whether these 
changes are a cause of oxidative damage or are a consequence of it. 
Oxidative stress and inflammation may be involved in raising arterial 
pressure via promoting endothelial dysfunction, promoting smooth 
muscle cells proliferation and transformation and impairing nitrogen 
oxide homeostasis [155-158]. Lead competes with calcium for the 
transport by channels and pumps involved in the movement of ion 
across cell membrane and between cytoplasm, endoplasmic reticulum 
and mitochondria contributing to the changes in cytosolic calcium 

ions known to regulate vascular tone and vascular smooth muscle 
contraction [159]. Finally, cessation of exposure or chelation therapy 
has been shown to reverse lead-associated cardiac changes but cases of 
permanent damage have also been reported [147].

Mercury: Mercury is a toxic environmental pollutant occurring at 
low-levels in water systems such as lakes, rivers, oceans as well as bio-
concentration in some fatty fish species [138,160]. In 1999, Frustaci et al. 
[161] study on trace elements in 13 idiopathic DCM patients reported 
>10,000 times more mercury in the myocardium than skeletal muscle. 
Mean mercury concentration in the myocardium was approximately 
22,000 times higher in DCM patients (178.5 µg/g) than in controls 
(0.008 µg/g) but there was no increase in mercury in cardiac tissue from 
patients with DCM due to ischemic or valvular heart disease [161]. 
Although mercury has been associated with a host of cardiovascular 
diseases, its role in the pathogenesis of CM is exacerbating viral 
infection by either altering early host immune response or by increasing 
viral replication in viral DCM [160]. Exposure to mercury potentiates 
encephalomyocarditis infection by reducing interferon and antibody 
activity or altering viral life cycle [162-164] and herpes simplex virus 
type 2 infection by increasing viral replication via interfering with host 
defence mechanisms, inhibiting cytokine production and decreasing 
macrophage activity [165].

The pathophysiology of mercury associated CM is disrupting the 
immune system homeostasis via defective autoantibody production 
[165-167]. Susceptible haploid genotypes may develop autoantibody 
response against nucleolar antigens including fibrillarin, which 
binds to mercury and cleavages during mercury-induced cell-death 
resulting in fibrillarin fragments that induce antigenic response 
and initiate sustained inflammation [168-170]. Mercury also alters 
normal immune functioning by binding with selenium to suppress the 
activities of selenium-dependent free radical detoxification enzymes 
– glutathione peroxidases and thioredoxin reductase – and thereby 
reduce antioxidative defences and promote free radical stress and lipid 
peroxidation in the human body [171-176]. Free radicals injure the 
retroviral genome causing mutations of previously avirulent species 
into virulent strains [177]. Mercury binds with selenium to form 
insoluble mercury selenides and reduce the bioavailability of selenium 
to perform its normal function as the active site moiety in various 
selenium dependent enzymes [178]. In contrast, reciprocal interactions 
are expected, high selenium levels could protect against excess mercury 
intoxication although at present there is little evidence from human 
studies to support this hypothesis [138].

Clinically, patients with mercury-associated CM may present with 
echocardiography, ECG and histological abnormalities. The study by 
Frustaci et al. [161] on trace elements in 13 idiopathic DCM reported 
echocardiographic evidence of increased LV end diastolic diameter 
(LVEDD) and significant depression of LV function but without 
significant valvular abnormalities [161]. On cardiac catheterization 

Worker, serum lead levels (µg%) [Ref #] Cardiotoxic manifestations
Lead worker (NR) [143] Bradycardia, LBBB, multifocal ventricular escape beats, myocarditis
Lead workers (> 100) [146] AV-conduction disturbances, ectopic atrial rhythms
Lead workers (NR) [148] Bradycardia, shorter ventricular ejection time, prolonged ventricular contraction time

Adult (> 250) [149] Impaired beta-receptor-mediated cardiovascular function, increased heart rate at maximal physical work, decreased 
chronotropic responsiveness to isoproterenol, increased heart rate by 25 beats, reduced plasma renin activity

Children (> 60) [147] Atrial arrhythmias abnormal PR intervals, prolonged corrected QT interval, inverter T-wave
Children died of acute lead poisoning due to HF secondary 
to chronic myocarditis (NR) [144]

Autopsy findings: myocarditis, interstitial oedema, connective tissue infiltration, compression and replacement of adjacent 
muscle fibres

LBBB: Left Bundle Block Branch; HF: Heart Failure; NR: Not Reported; QTc: Corrected QT interval

Table 3: Cardiotoxic manifestation of environmental lead in humans
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and ventriculography, mercury-associated CM patients usually 
reveal compromised global contractility, reduction of cardiac index 
and elevated LV filling pressure while coronary angiography reveals 
normal arteriogram. Common ECG abnormalities include frequent 
ventricular ectopic beats, sustained or non-sustained ventricular 
tachycardia. Histology of LV biopsy fragments may rule out specific 
myocardial diseases such as myocarditis and storage or infiltrative 
myocardial diseases with signs of hypertrophy with attenuation and 
degenerative changes of myocardial fibres. Electron microscopy may 
detect degenerative changes consisting of loss of contractile elements, 
the presence of myelin bodies and the vacuolization of mitochondria 
with fragmentation of mitochondria cristae [161]. Reduced exposure to 
mercury and the use of chelating agents, mostly oral chelators such as 
2,3-dimercaptosuccinic acid (DMSA or succimer) bind to mercury and 
increase its excretion from the body [179].

Arsenic: Arsenic is a metalloid found ubiquitously in nature. Key 
sources of human exposure to arsenic are medicinal, occupational 
and environmental while arsenic exposure occurs from inhalation, 
absorption through the skin and primarily by ingestion of 
contaminated water or dietary forms such as seafood [138, 180,181]. 
Arsenic is toxic to majority of organ systems, with the liver being the 
more sensitive target organ although the cardiovascular effect may 
be potentially fatal. Clinical studies show that exposure to arsenic 
induces adverse cardiovascular effects such as hypertension, diabetes 
mellitus, atherosclerosis, coronary heart disease, stroke and CM in a 
dose-dependent manner [182,183]. The extent of arsenic poisoning 
depends on the various factors including dose, individual susceptibility 
to arsenic and the age of the affected individual. Chronic arsenic 
exposure usually affects the vascular system causing hypertension and 
cardiovascular disease while acute arsenic toxicity may cause CM and 
hypotension [181,182]. 

Pathophysiologically, long-term arsenic exposure alters myocardial 
depolarization and may induce cardiac arrhythmias [184,185]. Acute 
exposure to high arsenic levels (93 mg) may cause severe hypertrophy of 
the ventricular wall [186]. Oxidative stress and vascular inflammation 
may also be involved in the pathogenetic effects of arsenic exposure. 
The vascular endothelium regulates the release of various mediators 
such as nitric oxide, angiotensin‐II, endothelin‐1, adhesion molecules 
and cytokines [187]. Nitric oxide is a major mediator with vasodilatory 
and anti-inflammatory properties and inhibits platelet adhesion and 
aggregation, smooth muscle cell proliferation and migration [181]. 
The exposure of endothelial cells to sodium arsenite induces a decline 
in the integrity of vascular endothelium and endothelial cytotoxicity 
and thereby reduces the bioavailability of nitric oxide and increasing 
oxidative stress [187]. Increased accumulation of arsenic in the vascular 
wall and increased atherosclerotic lesion formation with increased 
macrophage accumulation and fibrosis have been observed in arsenic-
exposed mice compared to water-fed controls [188]. 

Clinical investigation of arsenic-induced CM depends on the 
evidence of arsenic intoxication in the presence of evidence of cardiac 
dysfunction. Reliable biological indicator of arsenic intoxication is 
levels of arsenic in blood, urine, hair and nails. However, arsenic 
metabolism from the blood occurs within a period of several hours and 
the lack of correlation between blood arsenic levels and that in drinking 
water suggests the measurement of blood arsenic levels is not a reliable 
indicator of long-term exposure [181]. On the other hand, since the 
majority of arsenic absorbed from the lungs or the gastrointestinal tract 
and excreted in urine within 1-2 days, measurement of urine arsenic 
levels is generally considered the most reliable marker of acute arsenic 

exposure, found to correlate well with exposure of populations living 
near industrial point sources of arsenic [189,190]. Chelation therapy for 
arsenic-induced cardiotoxicity mostly includes three drugs (i) British 
anti-lewisite (BAL; dimercaprol); (ii) DMPS (unithiol) and (iii) DMSA 
(succimer), which enhance arsenic excretion. Treatment should be 
initiated as rapidly as possible (within minutes to a few hours) because 
efficacy declines as the time interval between exposure and chelation 
increases [191].

Lithium: Lithium is an alkaline metal that has long been used 
in medicine since the 1840s [192]. Its initial therapeutic role in the 
early 19th Century was the treatment for gout [193], and at present, 
lithium is used in the prophylaxis and treatment of depression and 
bipolar disorder [194,195]. It is the most effective long-term therapy 
for bipolar disorder, protecting against both depression and mania, and 
reducing the risk of suicide and short-term mortality [196]. However, 
its use in a population at a relatively high risk for overdose, a narrow 
therapeutic range and several well-characterized adverse effects limits 
the potential usefulness of higher doses as well as requires routine 
monitoring of serum concentrations to minimize the risks of toxicity 
[194,195]. Lithium toxicity may result from accidental or intentional 
overdose or due to impaired clearance [192]. Serious lithium 
cardiotoxicity is uncommon and generally manifests in individuals 
with underlying heart disease. Lithium-induced CM may result in 
arrhythmias including bradycardia, sinoatrial block, and first-degree 
atrioventricular block [192]. Same to sodium and potassium, lithium is 
a cation that at the cellular level competes with sodium and potassium 
displacing them to cause intracellular metabolic changes. Lithium 
excretion is almost completely through the kidney in the same manner 
as sodium, freely filtered with 80% reabsorption at the proximal tubules 
[197,198]. Sodium intake and lithium clearance have a direct relation 
with decreased sodium intake leading to decreased lithium clearance. 
Evidently, lithium intoxication is common in low salt diets, dehydration 
states or with a concurrent use of diuretics [197,198].

Pathophysiologically, the mechanisms underlying lithium 
cardiotoxicity is not fully understood. However, the monovalent 
nature of lithium and cations involved in cardiac electrophysiology 
may assist in the understanding of lithium cardiotoxicities. In cardiac 
electrophysiology, sodium and potassium channels and cation influxes 
play an important role in depolarization, cardiac contraction and 
repolarization within the cardiac cycle [195]. Lithium blocks cardiac 
sodium channels at non-toxic levels and cardiac potassium channels 
resulting in perturbations of the resting membrane potential by 
its ability to partially replace intracellular potassium [199,200]. 
Lithium may also affect cardiac system indirectly through its effect 
on the thyroid causing hyperthyroidism related CM [196]. Clinically, 
chronic lithium intoxication presents with non-specific features and 
diagnosis requires a high degree of suspicion. Common but clinically 
insignificant ECG changes include T-wave flattening or inversion, 
which is usually incidental finding and reverse with discontinuation of 
lithium drug, sinus bradycardia in the absence of hypotension followed 
by sinus bradycardia with hypotension, third degree atrioventricular 
block, sinus node arrest, bradycardic cardiac arrest, U waves, ST-
segment depression and prolonged QT interval [200,201]. Forced 
diuresis (administration of large volumes of saline, loop diuretics or 
intravenous crystalloids) and haemodialysis for 3-6 hours or continuous 
hemofiltration techniques sustained for 18-44 hours enhance clearance 
of serum and tissue lithium [202,203].

Beryllium: Beryllium is a metallic element naturally occurring 
in rocks, coal, oil, soil and volcanic dust. Main source of exposure is 
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occupational in industries using beryllium in their products include 
aerospace, automotive, biomedical, defence, energy and electrical, 
fire prevention instruments, manufacturing, jewellery, recycling and 
telecommunication [204]. Beryllium may also be found in domestic 
consumer products including electronic devices such as television, 
calculators and personal computers although deliberate manipulation 
will result in exposure [205]. The principal route of beryllium exposure 
is the lung. Other incidental exposure route include hand-to-mouth 
dermal contact and resuspension following deposition onto clothing 
[205]. Exposure via the lung route is extremely toxic, which damages the 
mucosal lining to cause pneumonia and berylliosis (or granulomatous 
lung disease) – a potentially fatal and persistence ling disease that can 
potentate injury to other organs including the cardiovascular system 
[204]. 

The evidence of myocardial consequences of the exposure to 
beryllium and its compounds in humans are limited. However, severe 
cases of chronic beryllium disease may lead to cor pulmonale, which 
is hypertrophy of the right heart ventricle. In an earlier study of 17 
individuals exposed to beryllium in a fluorescence lamp manufacturing 
plant, autopsy revealed right atrial and ventricular hypertrophy [206]. 
In a beryllium manufacturing plant, increased cardiac deaths have been 
reported that may be the result of direct beryllium toxicity to the heart 
or an indirect response to impaired lung function [207]. Animal studies 
also support the cardiotoxic effect of beryllium. Acute inhalation 
exposure to beryllium and its compounds caused cardiomegaly in 
monkeys [208]. The exposure to beryllium oxide for 15 to 40 days [209] 
or beryllium sulfate for 100 days [201] in dogs resulted in decreased 
arterial oxygen tension. Although the exact pathophysiological 
mechanism of beryllium cardiotoxicity remains unknown, it is 
postulated it is the consequence of compensatory increases in cardiac 
musculature due to pulmonary fibrosis cause by inhalation exposure. 
The decrease of arterial oxygen tension reflects the reduced ability of 
the lung to oxygenate blood [204].

Carbonaceous compounds

In addition to alcohol, recreation drug and heavy metals, other 
cytotoxic substances with the potential to cause CM are carbon 
compounds mosly carbon monoxide and carbon tetrachloride.

Carbon monoxide: Carbon monoxide (CO) is an odourless, taste-
less, non-irritant and colourless gas diffusing with more ease across 
lung alveoli than oxygen. It is a toxic by-product of incomplete com-
bustion of carbonaceous materials. Major sources of CO exposure in-
clude fire smoke inhalation, faulty heating systems and cigarette smok-
ing [211,212]. Domestic fire smoke is the leading domestic source of 
CO and a major determinant of patient survival after smoke inhala-
tion [211,212]. The positive effects of CO that may have a clinical value 
for CVD include (i) vasorelaxing activity via the regulation of smooth 
muscle tone; (ii) anti-inflammatory effect via the regulation of the ex-
pression and release of various cytokine; and (iii) anti-apoptotic reac-
tion that inhibits cellular apoptotic pathway in mitochondria [213]. 
However, cardiotoxicity limits therapeutic use of CO. Primarily, CO 
toxicity results from tissue hypoxia, a consequence of the binding of 
CO to haemoglobin. CO has a greater affinity for haemoglobin (ten 
times faster) relative to oxygen but disassociates very slowly decreasing 
oxygen carrying capacity of erythrocytes [214,215]. Haemoglobin is the 
haemoprotein in the blood cells responsible for transporting oxygen 
to the tissues, and acts as a buffer in erythrocytes contributing to the 
bicarbonate-carbonic acid buffering system. CO binding to haemoglo-
bin forms carboxyhaemoglobin, which produces a leftward shift in the 
oxygen-dissociation curve resulting in tissue hypoxia [216]. 

Pathophysiologically, toxicity of CO has been linked to tissue 
hypoxia (ischemic injury) and direct toxic injury. High oxygen demand 
by myocardial tissue limits its tolerance to hypoxia and is a target 
organ for CO toxicity [217,218]. In addition to hypoxic injury, high 
sensitivity of myocardial tissues to oxygen deprivation worsened by 
increased oxygen demand because of increased contractility, reduced 
coronary blood flow reserve, and cardiomyocyte respiration inhibition, 
CO produces additional myocardium damage with cardiospecific 
mechanisms. CO binds with heme group of myoglobin with affinity 
of 60 times greater than that of oxygen. Carboxymyoglobin reduces 
mitochondrial oxygenation, impairs oxidative phosphorylation 
and deteriorates the energy source for the mitochondria. CO is also 
directly toxic for mitochondria via impairment of mitochondrial 
respiratory chain and decreased glutathione [219,220]. The inhibition 
of ATP energy sources forces the cardiomyocytes to switch to anaerobic 
metabolism with consequent hypoxia, lactic acidosis and apoptosis 
[221]. 

CO may also trigger transcapillary efflux enhancing leukocyte 
seclusion within the endothelial lining to promote oxidation of 
plasma low-density lipoprotein, enhance nitrosative stress because of 
peroxynitrite formation in the absence of nitric oxide generation and 
lipid peroxidation due to increased free radical production [222]. CO 
also exerts prothrombotic potential – triggering arterial and venous 
thrombosis, the development of mild and moderate LV structure 
abnormalities and myocardial fibrosis [223-230]. Endothelium 
dysfunction amplifies coronary vasospasm and increases cardiac 
function and contractility to induce a hyperadrenergic state, which 
increases the risk of arrhythmias [231]. Ischemic damage to the 
myocardial tissues may be amplified by peripheral circulation failure 
and hypotension because of impaired cardiac function. Cardiac 
decompensation deteriorates tissue oxygenation, which is considered 
the leading cause of death in severely CO-intoxicated patients [232]. 

Clinical features of CO-induced CM include increased heart 
rate and reduced systolic, diastolic blood pressure. Cardiovascular 
manifestations included dyspnoea (58%), palpitations (96%), chest 
pains (50%) and ECG changes (96%). Common ECG abnormalities 
included tachycardia, prolonged QT interval and ST segment 
changes with inverted T waves presented with premature ventricular 
contractions [233]. The primary target of clinical management of 
CO toxicity and CM is the alleviation of CO-induced hypoxia using 
hyperbaric oxygen therapy (HBOT) as the chosen treatment. HBOT 
comprises exposing the patient to 100% oxygen at pressures ranging 
from 2 to 2.8 atmospheres. According to Henry’s Las, blood exposed 
to pure oxygen at 38 degrees centigrade and 1 atmosphere will dissolve 
approximately 2.3 ml oxygen in 100ml and twice as much if the pressure 
is doubled [234]. High pressure are useful to increase the amount of 
dissolved oxygen into the blood to displace CO from haemoglobin 
within erythrocytes and re-oxygenate hypoxic tissues [235]. Although 
prognostication of CO-induced CM is not well defined, patients with 
pre-existing heart diseases such as atherosclerotic disease are at an 
elevated risk of morbidity after CO intoxication. Depressed coronary 
circulation limits the ability to compensate for increased coronary flow 
during myocardial hypoxia requiring increased myocardial oxygen 
demand, which increases time onset to angina [212]. 

Carbon tetrachloride: Carbon tetrachloride (CCl4) is a clear 
non-inflammable heavy liquid that evaporates readily producing a 
sweet characteristic odour similar to chloroform. It is a manufactured 
chemical, which does not occur naturally in the environment. 
Historically, CCl4 was used to produce chlorofluorocarbons (CFCs) 
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used as heat transfers agents in refrigerating equipment and aerosol 
propellants [237. It is also an ingredient in many industrial fluids and 
metal degreasers as well as found in in domestic cleaning supplies, spot 
removers for carpets and fire extinguishers but most of these uses have 
been discontinued [238,239]. CCl4 is absorbed through inhalation, 
ingestion and dermal absorption, distributed throughout the body with 
the highest concentration in the liver, brain, kidney, muscle, fat and 
blood, and excreted primarily in exhaled air. CCl4 is mostly hepatotoxic 
that also causes cardiac disorders [240-243]. CCl4 high dose causes 
acute cellular necrosis, oxidative stress and inflammation resulting in 
acute tissue injury and apoptotic organ failure [244,245]. 

The pathophysiological mechanism of CCl4 cardiotoxicity of 
CCl4 is not fully known but it is thought to result from increased free 
radical production, which plays a role in tissue degenerative process. 
The cardiotoxicity of CCl4 has a biphasic mechanism. The first phase 
involves the production of free radicals (CCl3 and CCl3OO) through 
the metabolism of NADPH – cytochrome P450 system, which induces 
lipid peroxidation [236]. Multiple cytochrome P450 enzymes have 
been found in cardiac tissues, including CYP 2E family of isozymes. 
The second phase involves the activation of tissue macrophages 
accompanied by the production of inflammatory and profibrogenic 
mediators [245]. Rodents exposed to CCl4 demonstrate increased 
markers of inflammation, cardiomyocyte injury (troponin, CK-
MB) and 0oxidatuve stress in the heart [236,242]. Case reports have 
described cardiomegaly, congestive HF and cardiac fibrosis following 
exposure to CCl4 [236].

Clinical management of CCL4 cardiotoxicity is challenging because 
of the lack of proven therapies. However, HBOT has been found to play 
a therapeutic role in both animal and human CCl4 intoxication. HBOT 
appears to inhibit the mixed function oxidase system responsible for 
conversion of CCl4 to hepatotoxic free radicals [246-249]. HBOT 
should be considered for potentially severe CCl4 exposure prior to 
the onset of liver function abnormalities because of a delicate balance 
between oxidative processes that are therapeutic and those that mediate 
hepatotoxicity [250]. Recently, Al-Rasheed et al. [236] demonstrated 
the efficacy of silymarin in combination with chlorogenic acid and 
melatonin in ameliorating the toxicity of CCl4 induced cardiac damage, 
which may support the use of this combination as an effective drug in 
the treatment of cardiomyopathy induced by toxic agents.

Meta-analysis of clinical evaluation

An electronic search in PubMed was performed using a 
combination of the following search terms: environmental toxins 
(ethanol, cocaine, amphetamines, cobalt, lead, mercury, arsenic, 
lithium OR beryllium) AND cardiomyopathy OR cardiotoxicity 
AND serum biomarkers, electrocardiography, echocardiography OR 
cardiac magnetic resonance from inception to May 2019. Studies 
excluded were case series, case reports and review articles. In total, 
the initial electronic search retrieved 427 articles. A hierarchical 
review of titles, abstracts and full paper yielded 17 relevant studies 
investigating diagnosis and/or management of toxin-induced 
CM. Studies enrolling asymptomatic and/or symptomatic patients 
exposed to environmental toxins were included in this meta-analysis. 
Supplementing the electronic search, a manual search of reference 
lists from the included studies were screened for more relevant 
studies, which yielded an additional four studies bringing the total 
to 21 studies published between 1959 and 2017 [31,251-270]. Table 4 
provides a summary of the main characteristics of interest in the 21 
included studies.

Findings

In all, the 21 studies included in the present meta-analysis enrolled 
2,594 patients with either asymptomatic or symptomatic cardiac 
dysfunction after the exposure to toxins known to cause CM [31,251-
270]. In seventeen (17) studies, the enrolled patients were predominantly 
male (74%) [253,254,256-270] and youthful (mean age=37.8, 
range=29-60). Study designs varied: thirteen (13) were prospective 
cohort studies [31,251-254,257,260-262,264,266,268,270], seven (7) 
were retrospective cohort studies [255,256,258,259,263,265,263] and 
one was a cross-sectional study [267]. Diagnostic tests common in all 
the 21 studies were electrocardiography and/or echocardiography, and 
less commonly serum cardiac biomarkers [255,262]. On the other hand, 
diagnostic use of cardiac magnetic resonance (CMR) imaging was rare, 
only used by three studies [261,262,265] and in two earlier studies, 
radionuclide ventriculography and chest x-ray [31,268]. Various toxins 
causing CM were investigated: three studies investigated ethanol 
(alcohol) [251-253], nine cocaine [254-262], five amphetamines [263-
267], two cobalt [31,268], while the remaining two investigated carbon 
monoxide [269,270]. 

In patients with toxin-induced CM, despite the heterogeneity in 
causative substances (ethanol, cocaine, CO, amphetamines or cobalt), 
ECG abnormalities are common presentations. In the present pooled 
analysis of 14 studies [251-253,255-260,262,264,267-269], 1,045 out of 
1,807 patients presented with ECG abnormalities translating into an 
event rate (incidence) of 59.3% (event rate: 0.593; 95% CI: 0.517 to 0.665; 
p = 0.017) (Figure 1). The most common ECG abnormality was ST-T 
changes reported in 11 studies [31,253,255-257,260,262,264,268-270] 
occurring in 350 out of 1199 patients and event rate of 27.2% (0.272; 
95% CI: 0.214 to 0.339; p = 0.000) (Figure 2). The second common ECG 
abnormality was sinus tachycardia (defined as heart rate > 100 beats per 
minute) affecting 166 out of 712 patients translating into 26.3% event 
rate (0.263; 95% CI: 0.229 to 0.300) (Figure 3).

In patients with severe or persistent ECG abnormalities referred 
for hospitalization, additional echocardiographic evaluations were 
performed to assess pathological changes in cardiac function and 
structure. The present findings show that echocardiographic changes 
are common in patients with toxic-induced CM. Pooled analysis of raw 
data (number of affected patients) from three studies [253,267,269] 
revealed 106 out of 244 patients had evidence of cardiac dysfunction, 
which translated into an event rate of 48.2% (0.482; 95% CI: 0.185 to 
0.793; p = value 0.921) (Figure 4). However, the high heterogeneity 
across the studies could be due to variability in patient selection, 
which included both asymptomatic and symptomatic patients with 
insufficient data to compare echocardiographic changes between the 
two patients groups. Similarly, the event rate of LV dysfunction was 
35.4% in five studies [265-267,269,270] (event rate 0.354; 95% CI: 
0.087 to 0.760; p = 0.502) (Figure 5). Pooled analysis from five studies 
[253,262,263,265,266] showed LVEDD (> 45 mm) was common in 
57 out of 265 patients (event rate 0.324; 95% CI: 0.098 to 0.679; p = 
0.332) (Figure 6). Additional analysis of LVEDD (mean values) from 
three studies [254,266,267], revealed weighted mean LVEDD (mm) was 
significantly high (weighted mean 52.1 mm; 95% CI: 9.072 to 58.002; p 
= 0.000) (Figure 7). In two studies [255,269] that enrolled symptomatic 
CM patients, cardiac biomarkers (troponin or creatinine) showed 
80.7% had elevated cardiac biomarkers although they were non-specific 
to toxin-induced CM.

Data on prognostication and management of toxin-induced CM 
was insufficient (provided in different formats) to support meta-
analysis. However, individual studies indicated cardiac dysfunction 
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Author Year No. Age Males Patient selection Test Study findings

Evans [251] 1959 20 NR NR Symptomatic chronic alcohol 
use ECG ECG abnormalities are common in alcoholic CM and may assist in 

early diagnosis

Priest [252] 1966 37 NR NR Patients hospitalized for 
alcoholic abuse ECG Reversible ECG abnormalities are common in alcoholics mostly 

T-wave changes

Attar [253] 2017 100 35 98 Daily alcohol intake > 80 g/
day for > 5 years ECG/Echo ECG and echo changes are common in alcoholics prior to 

symptomatic cardiac disorders but reversible during early stages

Brickner [254] 1991 30 35 30
Chronic cocaine users in 
inpatient drug rehabilitation 
program

ECG/Echo Cocaine use is associated with increased LV mass index and wall 
thickness, and LV hypertrophy

Gitter [255] 1991 101 NR NR Cocaine-related chest pain on 
admission

ECG, serum 
marker

Abnormal ECG is common in cocaine use patients with chest pain, 
mostly ST-T changes

Zimmerman [256] 1991 48 29 34 Cocaine users with chest pain ECG Significant cases of MI in cocaine users and persistence of ECG 
abnormalities

Hollander [257] 1994 246 33 176 Cocaine associated chest pain ECG MI is common among cocaine users. ECG is common but non-
specific

Hollander [258] 1995 130 38 NR Cocaine associated chest pain ECG Low mortality rate for patients hospitalized for cocaine use with 
acute onset of complications

Weber [259] 2000 250 33 192 Cocaine associated chest pain ECG Incidence of AMI is high in among cocaine users presenting with 
chest pain

Weber [260] 2003 344 38 198 Cocaine associated chest pain ECG Cocaine associated chest pain with no evidence of ischemia or CVD 
complications have a low risk of death or MI 30 days post discharge

Kozor [261] 2014 20 37 19 Self-reported regular cocaine 
users CMR Cocaine users have increased aortic stiffness and systolic BP 

associated with greater LV mass

Maceira [262] 2014 94 37 81 Asymptomatic chronic cocaine 
users

ECG,CMR, blood 
test

CMR is able to detects CVD in a majority of asymptomatic cocaine 
users

Wijetunga [263] 2003 21 41 19 Methamphetamine users with 
CM Echo Methamphetamine use appears to produce CM in some users

Haning [264] 2007 158 36 98 Methamphetamine dependents ECG Common ECG changes predominantly prolonged QTc increasing 
risk for ventricular arrhythmias

Voskoboinik [265] 2015 20 35 14 Patients diagnosed with MAC ECG, Echo, CMR
MAC patients with reverse takotsubo pattern and lesser ventricular 
dilatation are more likely to achieve early recovery of ventricular 
function

Kueh [266] 2016 30 40 25 Amphetamine-associated CM 
and evidence of HF Echo Amphetamine associated CM is predominant in young men marked 

with severe LV dilation and dysfunction persisting despite treatment

Bazmi [267] 2017 230 34 196 Acute amphetamine users with 
positive urine test ECG, Echo ECG and echo common in a majority of patients but cardiac 

complications were common

Kesteloot [31] 1968 16 NR NR Chronic Quebec beer drinkers ECG, RVG, chest 
x-ray

Associates carbon toxicity in chronic alcoholics to dietary 
deficiency of sulfhydryl-group containing amino acids and proteins

Horowitz [268] 1988 30 41 21 Cemented tungsten carbide 
workers

ECG, RVG, chest 
x-ray

There is no clear evidence of overt systolic LV dysfunction despite 
prolonged occupational exposure although duration of exposure has 
a correlation with LV dysfunction

Yoon [269] 2014 626 42 11 Admitted in ED with acute CO 
poisoning ECG

CO induced CM was rare in all patients but with favorable 
prognosis, myocardial stunning due to catecholamine surge most 
likely plays a central role in the development of CO-induced CM

Cha [270] 2016 43 60 27 Patients hospitalized for CO 
poisoning ECG, Echo CO poisoning and myocardial injury experience CM induces 

reversible global ventricular dysfunction and Takotsubo-like pattern

Table 4: Summary of characteristics of the included studies

AMI: Acute Myocardial Infarction; BP: Blood pressure; CM: Cardiomyopathy; CMR: Cardiac Magnetic Resonance Imaging; CO: Carbon Monoxide; CVD: Cardiovascular; ECG: 
Electrocardiograph; Echo: Echocardiograph; HF: Heart Failure; LV: Left Ventricular; MAC: Methamphetamine-Induced Cardiomyopathy; NR: Not Reported; RVG: Radionuclide 
Ventriculography

(ventricular changes) and ECG abnormalities prior to symptomatic 
cardiac dysfunction or during the early stages of CM are largely 
transient and may reverse during normal hospital duration [252,253]. 
Consequently, ECG and echocardiographic changes may be potential 
markers for ongoing cardiotoxic effects prior to the development 
of symptomatic cardiac disorders [253]. Patients with reversible 
takotsubo-like pattern of LV dysfunction have favorable prognosis 
with high possibility of achieving early recovery of ventricular function 
[265,270]. In contrast, chest pain complaints in the setting of ischemia 
or CVD complications may suggest an increased risk of death [260]. 
The transient nature of toxin-induced CM supports pooled analysis of 
five studies [251,257,266,267,270] that reported 21 deaths out of 569 
patients translating into a low event rate of 5.2% (0.052; 95% CI: 0.020 to 
0.126; p = 0.000) (Figure 8). Furthermore, pooled analysis of two studies 
[257,258] indicate only 3.5% (13 out of 376) of the patients developed 
HF. The withdrawal of exposure to causative toxins combined with HF 

medication for patients with symptomatic cardiac dysfunction have 
proved to be effective in improving cardiac function and resolving 
symptoms [252,253,257,258].

Discussion
Effective management of HF remains problematic partly due 

to heterogeneous aetiology and variable symptomatology [271]. 
Cardiomyopathy is an important cause of HF but which has received 
relatively little research attention. A disproportionate number of 
studies investigating CM have focused on idiopathic (genetic) and 
ischemic aetiologies, and less commonly on secondary aetiologies 
including environmental toxins mostly alcohol, cardiostimulants, 
heavy metals and carbonaceous compounds. The present meta-analysis 
reveal that changes in ECG, echocardiography and cardiac biomarkers 
may precede the development of myocardial impairment and may be 
useful indicators for the development of CM. ECG abnormalities were 
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Figure 1: Forest plot for event rate for ECG abnormalities

Figure 2: Forest plot for event rate for ECG ST-T changes

Figure 3: Forest plot for event rate for sinus tachycardia
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Figure 4: Forest plot for event rate for echocardiography changes

Figure 5: Forest plot for event rate for LV dysfunction

Figure 6: Forest plot for event rate for LVEDD
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Figure 7: Forest plot for weighted mean LVEDD

Figure 8: Forest plot for event rate for deaths

common in 59.3% of the included patients, echocardiography changes 
in 48.2% of the included patients, and cardiac biomarkers were elevated 
in 81% of symptomatic patients.

Electrocardiogram

The present meta-analysis finds ECG changes are common in 
patients exposed to cardiotoxic agents with or without symptoms of 
cardiac dysfunction. In support of these findings, consensus guidelines 
recommend the use of ECG in the initial testing and routine monitoring 
of electrical perturbations in patients suspected/diagnosed with 
toxin-induced CM [5]. Electrophysiological alterations is a principal 
manifestation of cardiotoxicity and underscores the use of ECG as a 
preclinical test for electrical aberrations in patients suspected with 
toxin-induced CM [272]. Several cogent reasons exist that justify ECG 
monitoring in patients suffering from CM. (i) Three (3) important 
manifestations of cardiac injury are alterations in electrical properties; 
alterations in contractility; and death. Alterations in electrical 
properties precede the last two and thus ECG monitoring is obligatory. 
(ii) ECG provides information on the general health of the patient. (iii) 
Pre-test ECG can identify certain subclinical cardiac abnormalities to 
warrant additional diagnostic tests. (iv) Some cardiotoxin substances 
may produce ECG changes without producing detectable myocardial 
changes [273].

Typical ECG changes associated with toxin-induced CM 
include perturbations in the heart rate in terms of electrical impulse 
generation disorders or impulse conduction pathology [253]. For 
patients suspected with toxin-induced CM, ECG recordings should 
include heart rate, heart rhythm, QT interval (> 0.55 milliseconds is 
considered prolonged), supraventricular and ventricular arrhythmias, 
atrioventricular/ventricular cardiac blocks, T-waves and myocardial 
ischemia (ST segment and T-wave changes) [274]. Sinus tachycardia 
and arrhythmias such as ventricular and atrial fibrillation are common 
rhythm disorders. Conduction disturbance is dose-dependent and 
increases with increased exposure to toxins sometimes leading to 
HF and even sudden cardiac death. In CM associated with chronic 
ethanol intoxication, ectopic are a common feature mostly atrial 
premature contractions and ventricular premature contractions [253]. 
To maximize the diagnostic effectiveness of ECG test, attention should 
be given to recording schedule, lead systems and proper interpretation 
[264,267,269]. In a prospective study of patients admitted for alcohol 
abuse [252], ECG abnormalities preceded the development of 
myocardial dysfunction. ECG abnormalities were reversible suggesting 
they may not be attributable to myocardial damage but to direct toxic 
effect of the alcohol itself or the breakdown of the enzymatic process 
[252].
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Despite its prognostic and diagnostic value, ECG changes are both 
non-specific and non-sensitive for accurate diagnosis of toxin-induced 
CM. The Cocaine Associated Chest Pain (COCHPA) Study Group 
[257] evaluating 242 patients with cocaine-induced CM found poor 
diagnostic sensitivity (89.9%) and positive predictive value (17.9%). 
Amin et al. [275] confirmed the same poor predictive value in the use 
of ECG in diagnosing AMI. The two studies demonstrate that although 
ECG has utility in the diagnosis of CM, poor sensitivity and positive 
predictive value makes it unreliable in accurately distinguishing benign 
CM from actual ischemia. Normal variant of ECG patterns such as 
early repolarization in younger patients may lead to misinterpretation 
further complicating the accuracy of ECG test in the diagnosis of CM 
[276,277]. Although non-specific, the present findings suggest ECG 
test is important to raise clinical suspicion for toxin cardiotoxicity in 
the absence of any other known cause in patients exposed to toxins. 
Abnormal ECG findings may suggest early stages of cardiotoxicity to 
warrant additional diagnostic tests to confirm CM [253]. Since toxin-
induced CM is largely reversible if detected in early stages, ECG may 
be a useful initial test because of widespread availability, non-invasive 
nature and ease of use.

Cardiac imaging

For patients admitted to the intensive care unit due to tachycardia 
of very abnormal ECG changes, additional non-invasive imaging 
should be performed to confirm the diagnosis of toxin-induced CM. 
It has been demonstrated that cardiotoxicity and/or toxin-induced CM 
leads to marked changes in cardiac morphology and/or functionality. 
Clinically relevant variables measured by echocardiography include LV 
ejection fraction (LVEF), regional wall motion abnormalities, aortic 
root diameter, and cardiac wall size (RVEDV, LVESV, LVEDV, LVEDP, 
LVEDD and LVESD). In the present meta-analysis, echocardiography 
was the preferred non-invasive modality in assessing cardiac 
dysfunction used in six studies [253,254,263,265-267,270] whereas the 
use of CMR was rare, appearing only in three studies [261,262,265] 
with one study using both echocardiography and CMR imaging [265]. 
Typical echocardiographic changes in patients with long-term exposure 
to toxins include increases in LV mass, LV dimensions and LV volumes, 
and septal and LV wall thickness, and left atrial (LA) dimensions 
[253,262,263,265-267]. The common cut off points indicating 
impaired cardiac function or structure mentioned on two studies are 
LVEDD > 55 or 65 mm; LA > 42 mm; RV > 19 mm; intraventricular 
septum thickness ≥ 11 mm and global hypokinesia [263,265]. Disease 
progression can be slowed or stopped by the withdrawal of the exposure 
to toxins, which may also improve cardiac function and relieve cardiac 
symptoms during the early stages of the disease evaluated by ECG and 
echocardiogram [265].

Although the use of echocardiography is widespread, CMR is 
the current gold standard technique for the assessment of ventricular 
dimensions and function, with high accuracy, reproducibility and 
reference values for both LV and RV [278,279]. CMR can provide a 
comprehensive evaluation of the cardiovascular system as well as has 
a unique capability for tissue characterization, which has been applied 
for the assessment of various CM [280-282]. In cocaine-induced CM, 
CMR imaging compared to controls showed increased LVESV (30±8 
vs 26±5 mL/m2; p < 0.01), increased LV mass index (80±13 vs 69±9 g/
m2; p < 0.05) and increased RVESV (36±9 vs 28±4) with significantly 
depressed LVEF (59±5 vs 68±4) and RVEF (56±5 vs 65±5). Myocardial 
late gadolinium enhancement (LGE) may indicate myocardial damage 
(262). The findings showed that in patients with cocaine-induced CM, 
CMR reveals RV involvement in about 25% of the patients and can 

detect up to 71% in asymptomatic cocaine users [262]. Despite the high 
detection rate, CMR is not widely available for routine clinical practice, 
which explains the use of echocardiography in a majority of the studies 
as well as in clinical settings. 

Cardiac biomarkers

Cardiac biomarkers may provide supplementary evidence of 
cardiac dysfunction. Patients with CM due to cardiostimulant use 
(amphetamine or cocaine) exhibit elevated levels of cardiac biomarkers. 
In patients with amphetamine abuse and CM, Bazmi et al. [267] found 
very high levels of CK-MB (35.9±2.3 U/mL) and troponin I (0.6±0.2 
ng/mL) indicating cardiac damage. In a study of cocaine users, Gitter 
et al. [255] reported elevated levels of total creatine kinase (> 200U/L) 
in 43% of the patients rising to 47% at some time during the course 
of hospitalization. Yoon et al. [269] enrolled patients with CO-induced 
CM in which all (100%) had elevated levels of cardiac biomarkers 
(creatine kinase-MB > 5 µg/L; troponin T hs > 0,014 ng/ml or troponin 
I > 0.04 ng/ml) who underwent additional ECG tests to evaluate 
cardiac injury. Despite the use of cardiac biomarkers in detecting 
subclinical changes, they are non-specific to toxin-induced CM. The 
specificity of creatine kinase MB and myoglobin in the diagnosis 
CM in patients exposed to cocaine is decreased but the specificity 
of troponin is not affected. Patients with cocaine-induced CM with 
elevated troponin concentration have a high incidence of underlying 
coronary disease [267]. Although troponin elevation is highly specific 
for cardiomyocyte injury in any clinical scenario, it does not indicate 
the underlying mechanism of injury, which may include both toxin and 
non-toxin causes such as plaque rapture, coronary vasoconstriction 
leading to decreased oxygen delivery, demand ischemia or pre-existing 
atherosclerosis, acute inflammation, direct myocardial toxicity or a 
combination of all these factors [267].

Prognostication

Despite differences in the primary toxin causing CM across 
the included studies, a consensus of a dose-dependent (duration or 
cumulative quantity) cardiotoxic effect emerged. The longer the duration 
of toxin exposure, the greater the severity of cardiotoxicity and cardiac 
dysfunction. Attar et al. [253] found, in comparison to the duration of 
exposure of alcohol (5 to 8 years vs. > 8 years), ECG abnormalities was 
21.8% vs. 42.67% and echocardiographic abnormalities was 21.87% 
vs. 44.11% respectively. Further, the study reported chronic alcohol 
intoxication induces cardiotoxicity irrespective of malnutrition [255]. 
Cumulative or dose-dependent effect of cocaine-induced cardiotoxicity 
> 6 years was associated with high blood pressure (110/70 mm Hg) while 
> 12 months was associated with increased ventricular wall thickness 
(LV hypertrophy) [254]. LV hypertrophy in cocaine users provides 
a substrate facilitating the development of CVD events including 
myocardial ischemia and arrhythmias. Further, LV hypertrophy has 
been associated with decreased coronary flow reserve, decreased sub-
endocardial perfusion and increased myocardial oxygen consumption, 
factors which favour the development of myocardial ischemia in the 
setting of cocaine-induced coronary artery vasoconstriction and/or 
thrombus [254]. 

Concomitant disorders also indicate poor prognosis. The incidence 
of MI in cocaine users presenting to the emergency department with 
chest pains suggest possible chronic myocardial changes as causes of 
ischemia. Cocaine associated chest pain with no evidence of ischemia 
or CVD complications over a 9 to 12 hour period have a lower risk 
of death of MI 30 days post discharge [260]. Alcohol and other illicit 
drug use potentiate cardiotoxic effect of cocaine due to the effect of 
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alcohol on systolic blood pressure and the effect of smoking on vascular 
stiffness [261]. Despite duration of exposure and concomitant use of 
other cardiotoxic agents, generally, toxin-induced CM has a favourable 
prognosis. In the COCHPA study [257], none of the 246 patients with 
cocaine associated chest pain had sustained ventricular arrhythmia on 
arrival and congestive HF developed only in 2% of the patients. Amin 
et al. [275] reported only one case of congestive HF and one case of 
non-sustained ventricular tachycardia among 22 patients with AMI 
due to cocaine use. In patients on amphetamine intoxication, reverse 
takotsubo pattern and lesser ventricular dilatation have potential 
for early recovery of ventricular function while those with evidence 
of myocardial fibrosis and ventricular enlargement have reduced 
probability of recovery [265]. 

The withdrawal of exposure to toxins reverses cardiac dysfunction 
and relieve symptoms. In follow-up echocardiography in 19 out of 20 
patients with amphetamine-induced CM at a median of 38 days after 
initial diagnosis, 6 out of 19 patients had normalized LVEF (≥ 50%) 
within 6 weeks of diagnosis. LVEF improved significantly from 18.3% to 
61.5% on follow-up [265]. Clinical features associated with favourable 
prognosis (early recovery) include the lack of echocardiographic 
evidence of chronicity including smaller LV cavity and LV size at 
diagnosis, shorter duration of drug-use, elevated cardiac enzymes and 
reversible takotsubo pattern [265]. Severity of cardiac dysfunction – 
severe LV dilation (LVEDD = 6.8±1.0 cm) and severe LV dysfunction 
(LVEF 22±8%) is refractory to optimal HF medical therapy since LV 
size remained significantly dilated with minimally improved in LV 
function [266]. In CO-induced CM, patients with global dysfunction 
have a more rapid normalization of cardiac function compared to 
takotsubo-like dysfunction [270]. Yoon et al. [269] also found patients 
with CO-induced CM normalized their LV function and abnormalities 
on wall motion with no reported incidence of death. 

Implications 
The present findings reveal that electrical and morphofunctional 

cardiac changes associated with toxin-induced CM are largely transient 
and potentially reversible at the subclinical stage of the disease. The 
withdrawal of exposure to the causative toxin halts the pathological 
process but in some cases, the earlier pathological changes could go 
unheeded for some years and the resulting CM will no longer subside 
after such abstinence. It is important therefore that early myocardial 
damage from exposure to toxins is detected to improve the possibility 
of reversal of myocardia dysfunction. Initial and routine ECG and 
echocardiographic tests are thus important to detect subclinical 
electrical and morphofunctional changes, especially in populations 
exposed to toxins and presenting with CM with no known cause.

Conclusion
Environmental toxics, mostly ethanol, cardiostimulant drugs, heavy 

metals and carbonaceous compounds have rarely been considered 
in the pathogenesis of non-ischemic DCM yet clinical observations 
suggest the exposure to these toxins may play an important pathogenic 
role in the development of DCM mostly in populations with extreme 
dietary deficiency and occupational exposure. Recreational use 
of cardiodepressant (alcohol) and cardiostimulants (cocaine and 
amphetamine), occupational or dietary exposure to heavy metals 
(cobalt, lead, mercury, arsenic, lithium or beryllium) or carbonaceous 
compounds (carbon monoxide and carbon tetrachloride) are the 
common causes of toxin-induced CM. Pathophysiology varies based 
on the causative toxin but it may involve direct toxic effect on the 
myocardium causing apoptosis, necrosis and myocyte loss or indirectly 

through alterations in cardiac function and structure. Alcohol, 
smoking and deficiency of some dietary nutrients may potentiate 
cardiotoxicity of toxins. The basis of the diagnosis of toxin-induced 
CM is demonstrable evidence of toxins in the blood or tissue. Elevated 
cardiac biomarkers and ECG abnormalities although non-specific raise 
the clinical suspicion for toxin-induced CM. Non-invasive imaging 
using echocardiography or cardiac magnetic resonance evaluate cardiac 
structure and function to detect abnormalities and confirm diagnosis 
in the absence of any other known cause. The duration of exposure 
and the extent of cardiac dysfunction are important prognostic factors 
while the withdrawal of exposure to toxins and HF medication may 
improve cardiac function and relieve symptoms. Cardiac dysfunction 
is reversible if detected early supporting the use of initial and routine 
monitoring by ECG and echocardiography. For CM due to carbon 
compounds (monoxide or tetrachloride), hyperbaric oxygen therapy 
improves blood and tissue oxygenation, and chelation therapy for CM 
due to heavy metals reverses cardiotoxic effects and relieves symptoms.
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