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Abstract

Cardiotoxicity refers to the harmful effects of certain 

therapeutic agents or toxins on the heart, leading to impaired 

cardiac function or structural damage. This narrative review 

aims to provide an overview of the mechanisms, risk factors, 

clinical manifestations, and management strategies 

associated with cardiotoxicity. The pathophysiology of 

cardiotoxicity involves oxidative stress, mitochondrial 

dysfunction, and disruption of cardiac signaling pathways. 

Risk factors include pre-existing cardiovascular disease, 

cumulative drug dose, age, and concurrent use of other 

cardiotoxic agents. Early detection through biomarkers (e.g., 

troponins, BNP) and imaging modalities (e.g., 

echocardiography, cardiac MRI) is critical in mitigating 

long-term cardiac damage. Preventive strategies include 

dose adjustments, cardioprotective agents like dexrazoxane, 

and lifestyle modifications. Despite advancements in cancer 

therapy, cardiotoxicity remains a major concern, 

underscoring the importance of a multidisciplinary approach 

involving oncologists, cardiologists, and primary care 

providers. Future research should aim at refining risk 

stratification tools and developing targeted therapies that 

minimize cardiac side effects without compromising anti-

tumour efficacy. This review highlights the need for vigilant 

monitoring and individualized care to improve both cardiac 

outcomes. 
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Introduction 

Cardiotoxicity refers to as damage to the heart muscles due to accumulation of toxins. It is also known as cardiac dysfunction 

or cardiac failure. Various types exist which include acute arrhythmia, angina and myocardial infarction [1]. Sub-acute heart 

damage can be determined through the level of toxicity. Heart injury leads to alteration in pumping action of the heart  [2]. Most 

common symptoms of cardio toxicity include dyspnea, heart palpitations, blood pressure variation, chest pain, malaise, and 

with complications including congenital heart failure, cardiomyopathy, myocardial infarction and sudden death  [3]. 
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Heart attack also known as acute myocardial infarction 

occurs as a result of an interruption in the blood supply of 

heart tissue [4]. The morbidity or mortality rate associated 

with acute myocardial infarction can be reduced using 

biochemical markers of cardiac system in assessing heart 

diseases. The commonest markers used in diagnosis include 

Aspartate Amino Transferase (AST), Lactate 

Dehydrogenase (LDH) and its isoenzyme Creatine Kinase 

(CK). Apart from heart tissue these enzymes can be seen in 

other tissues such as kidney, liver, bones, skeletal muscle, 

brain erythrocytes, gastrointestinal tract, uterus, prostrate, 

tongue etc [5]. 

Generally cardio enzymes are very low in serum. Therefore, 

disruption of these enzymes by the membrane make them to 

leak out into the plasma and increase tremendously which 

give out information of the extent of myocardial injury due 

to oxidative stress and lipid peroxidase [6]. AST and LDH 

increase much in later stage (24-72) hours after the onset of 

the symptoms and are not specific. 

Ideal cardiac markers should be specific and sensitive, able 

to detect early infarctions and long term storage conditions. 

Since there is no ideal and specific biomarker, enzymes 

which have major properties of ideal biomarker are used, 

analysis of a single biomarker is not recommended. 

However, it has been reported that LDH1 and LDH2 ratio 

and CK-MB (CK-2) (most ideal marker) are more specific 

and sensitive to acute cardiac injury. These enzymes 

increase in acute myocardial infarction. CK-MB has a peak 

value within 24hrs, raises 4-9hrs after myocardial injury and 

falls to normal value after 48-72 hours [5, 7, 8]. 

As the heart contracts and relaxes, it pumps blood. An 

average human pumps 5 liters (8 pints) of blood, which is 

constantly pumped throughout the body [9]. In humans, the 

heart is located between the lungs, in the middle 

compartment of the chest and is roughly the size of a large 

fist and weighs between about 10-12 ounces (280-340 

grams) in men and 8-10 ounces (230 – 280 grams) in 

women [10]. In humans, other mammals, and birds, the hearts 

is divided into four chambers [Figure 1]. 

 

 
 

Fig 1: Anatomy of the Heart [11] 
 

The heart is enclosed in a protective sac, the pericardium, 

which also contains a small amount of fluid. The wall of the 

heart is made up of three layers: Epicardium, Myocardium, 

and Endocardium [12]. 

The human heart is a muscular pump made primarily of 

cardiac muscle that constantly circulates blood throughout 

the human body. In a healthy heart, blood flows one way 

through the heart due to heart valves, which backflow [10]. 

The human heart is made of four chambers and four valves. 

These chambers and valves are made up of cardiac muscle 

and connective tissue. There are two upper chambers called 

the right atrium and the left atrium. These two smaller 

chambers feed the larger two lower chambers called the 

right ventricle and the left ventricle. The right atrium and the 

right ventricle together make up the right side of the heart. 

The right atrium and the right ventricle are separated by a 

valve called Tricuspid valve. The semi-lunar or pulmonic 

valve separates the right ventricle from the pulmonary artery 

in the pulmonary circuit. The right side of the heart deals 

with deoxygenated blood. 

The left atrium and the left ventricle together make up the 

left side of the heart. They are separated by a valve called 

the mitral valve. There is also the aortic valve that separates 

the left ventricle from the systemic circuit. The left side of 

the heart deals with oxygenated blood. There are also the 

Chordae tendinae that attach to each of the heart valves and 

ensure the correct opening and closing of the valves as 

appropriate pressure builds within the chambers. 

 

Physiological Functions of the Heart 

The heart functions as a pump in the circulatory system to 

provide a continuous flow of blood throughout the body. 

This circulation consists of the systemic circulation to and 

from the body, and the pulmonary circulation to and from 

the lungs. Blood in the pulmonary circulation exchanges 

carbon dioxide for oxygen in the lungs through the process 

of respiration. The systemic circulation then transports 

oxygen to the body and returns carbon dioxide and relatively 

deoxygenated blood to the heart for transfer to the lungs [13]. 

By so doing, the human heart provides nutrients and oxygen 

to body organs and tissues, including it. The circulating 

blood transports waste materials from the body tissues to the 

organs of excretion (skin and kidneys) and also allows for 

the removal of carbon dioxide by the lungs. The human 

heart also aids the transportation of hormones, drugs and 

other chemical messengers to various parts of the body. The 

heart also ensures that adequate blood pressure is 

maintained. 

In a nutshell, the heart plays a vital role in supplying 

oxygen, nutrients and removing carbon dioxide and other 

wastes from the body. 

 

Histology of the Heart 

Histologically, connective tissue and cardiomyocytes make 

up the majority of the heart [Figure 2]. The cardiac/fibrous 

skeleton is made up of dense connective tissue with elastic 

fibers. These elements can be seen better using some stains, 

like the Masson's elastic trichrome stains. A superficial 

fibrous layer and a deeper serous layer make up the 

pericardium's two layers. Fibrous connective tissue makes 

up the fibrous layer. The serous layer further separates into 

two layers: An inner layer that covers the myocardium and 

an outer layer that cannot be separated from the fibrous 

pericardium. Histologically, both of these layers are 

identical; each is made up of a continuous layer of 

mesothelial cells that face the pericardial cavity and have 

microvilli. The parietal pericardium is made up of both the 

fibrous and outer serous pericardia. The epicardium also 

includes the visceral pericardium, or inner serous 

pericardium. The pericardial cavity, which is a potential 

space between the outer and inner serous layers and contains 

pericardial fluid produced and reabsorbed by the microvilli 

on the mesothelial cells, is located there [14]. 

The myocardium makes up a significant portion of the 

cardiac wall. Together, cardiomyocytes form this layer. 

Similar to the myocytes found in skeletal muscle, these 
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cardiomyocytes are striated. They are branched, have 

intercalated disks, and are typically mononucleated, which 

makes them distinct from skeletal muscle cells. They can't 

regenerate either. After an injury, such as a myocardial 

infarction, scar tissue replaces the necrotic area. The fibrous 

portion of the scar tissue is stained blue with Masson's 

elastic trichrome stain, which makes this histological change 

visible under light microscopy [14]. 

The endocardium consists of a single layer of endothelial 

cells lining the chambers of the heart. Occasionally, small 

amounts of smooth muscle can also be in the endocardium. 

Compared to the right atrium, the left atrium has a thicker 

endocardium because of high pressure from the pulmonary 

veins. The subendothelial layer, between the myocardium 

and endocardium, contain loose elastic tissue, collagen 

bundles, nerves and occasionally blood vessel. 

Specialized myocardial cells and fibers make up the 

conduction system, which enables the beginning and spread 

of impulses. Nodal (P) and transitional (T) cells make up the 

SA node. These cells resemble myocardial cells in 

appearance, but they have fewer myofibrils. This region is 

insulated and divided from the rest of the atria by dense 

connective tissue. Impulses from the SA node are sent to 

specialized muscle fibers in the atrioventricular (AV) node, 

which is situated next to the fibrous skeleton of the heart. 

Purkinje fibers, branches from the atrioventricular nodes, 

may be present in the epicardium. These fibers have a high 

glycogen content but few myofibrils [15]. 

Three layers make up a valve: The spongiosa, fibrosa, and 

ventricularis. On microscopy, locating these layers can assist 

in positioning the valves. The spongiosa is located either on 

the arterial side of semilunar valves or the atrial side of 

atrioventricular valves. The spongiosa layer is characterized 

by an abundance of proteoglycans, such as 

glycosaminoglycan, and loose connective tissue [16]. An 

extension of the cardiac skeleton called the fibrosa has 

dense, erratic connective tissue. The ventricularis has elastic 

fibers and an endothelial lining, and it is found on the 

ventricular side of the valve. The chordae tendineae are 

formed by ventricularis branches in the AV valves. To 

protect these valves from high pressure, the chordae 

tendineae are primarily composed of collagen elastic fibers 

and dense regular connective tissue. 

Fig 2: Histology of a normal heart [17]. 

 

Cardiotoxicity 

Cardiotoxicity refers to as damages to the heart muscles due 

to accumulation of toxins (harmful substances). Various 

types of cardiotoxicy include Angina, Acute Arrhythmia and 

Myocardial Infarction [1]. 

Severe Cardiotoxity may cause cardiomyopathy which lead 

to damage to heart muscle. Alteration in pumping action of 

the heart may be as a result of injury in heart muscle, and 

subsequent heart failure [2]. 

Acute cardiac injury is abnormal and strange life-threatening 

disease due to severe chest trauma. Causes of heart injury 

rupture of chordae tendineae, papillary muscles, or valve 

leaflets [18]. 

 

Causes of Cardiotoxicity 

Cardiotoxicity can be cause by: 

▪ Unhealthy diet 

▪ Drug abuse 

▪ Smoking 

▪ Stress 

▪ Excessive use of alcohol or caffeine 

▪ Valvular heart disease 

▪ Heart defects from birth (congenital heart defects) 

▪ Adverse effects of heavy metals intake and inhalation 

▪ Complications from anorexia nervosa 

▪ Cancer treatment drugs such as chemotherapy drugs 

(anthracyclins 5-FU, capacitabine), targeted therapy 

drugs (avestin), and radiation therapy.  

▪ Incorrect administered drugs such as bupivacaine [19].  

 

Prevalance of Cardiotoxity 

Despite recent significant advances in the treatment of 

cardiovascular diseases, it remains the number one cause of 

death in the world [20]. An estimated 17.9 million people died 

from cardiovascular diseases in 2016, representing 31% of 

all global death. Of these deaths, 85% are due to cardio 

toxicity (heart attack and stroke). 

Out of the 17 million premature deaths (under the age 70) 

due to non-communicable disease in 2015, 37% are caused 

by cardiovascular disease and also accounts for 82% of 

deaths in the developing countries. The incidence of cardio 

toxicity among cancer drug users (e.t., anthracyclines, 5-FU) 

ranges from 0.9 to 26%. The annual mortality rate of 

cardiovascular disease is expected to reach 23.6 million 

deaths by 2030. The traditional risk factors for 

cardiovascular disease do not account for all deaths [20]. 

 

Risk Factors of Carddiotoxicity 

The most prevalent risk factors were identified as follows 

[21]: 

▪ Smoking 

▪ Family history 

▪ High blood pressure 

▪ Diabetes 

▪ Ischemic heart disease 

▪ High blood cholesterol 

▪ Physically inactive (lack of exercise) 

▪ Congenital heart disease 

▪ Obesity and overweight 

▪ Metabolic syndrome 

▪ Heavy metals (cadmium, lead, arsenic and mercury) 

▪ Trace elements (selenium, zinc, copper and chromium) 

▪ Ethnic background 

▪ Age – older people (more), young children 

▪ Sex – male are more likely to be exposed than female at 

the early stage. 

▪ However, women’s risk increases after menopause. 

▪ Patient with other health conditions and also with 

cancer. 

▪ Behavioral factor (dietary intake). 

 

Most Common Symptoms of Cardiotoxicity 

Signs and symptoms vary depending on the type of cardiac 

toxicity and the degree of involvement. Patient could present 

with chest pain, dyspnea, heart palpitation, fatigue, fainting, 

hypertension or hypotension (blood pressure variation), 

dizziness, light-headedness, angina, shortness of breath, 

weakness and numbness, pain in the neck, jaw, throat, upper 

abdomen or back, swelling of legs, ankles, feet and 

abdomen and malaise. 

 

Complications Associated with Cardiotoxicity 

Cardio toxicity is a well-known and potentially serious 
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complication of heart failure (HF), Cardiomyopathy, 

Myocardial Infarction, stroke, Pericarditis, Acute coronary 

syndrome, Aneurysm, sudden cardiac arrest, heart attack 

and sudden death [3, 19]. 

 

Preventions of Cardiotoxicity 

Although adverse effect due to cardio toxicity is rare, the 

risk can be minimized by avoidance of smoking, reduced 

intake of anti-cancer drugs, avoiding intake and inhalation 

of heavy metals, reduced stress and proper stress 

management, regular exercise, maintenance of healthy 

weight, control health conditions e.g. high blood pressure, 

avoidance alcohol intake and drug abuse [19, 21].  

 

Diagnosis of Cardiotoxicity 

Early diagnosis is critical for the effective management of 

patients with cardiac injury. Improper diagnosis of patients 

with chest pain often leads to inappropriate admission of 

patients without cardiac injury and vice versa. In addition, 

clinical history, physical examination, chest X-ray, 

echocardiogram (ultrasound), accurate electrocardiogram 

(ECG) findings and cardiac biomarkers’ assay, have 

important role in the early diagnosis of acute ischemia [21]. 

 

Treatment of Cardiotoxicity 

General treatment of cardio toxicity include, family history 

(risk factors and cardiac symptoms such as dyspnea or 

reduced performance), adjustment of cancer drugs during 

treatment, fluid restriction (approximately 1.5 L/day), 

physical activity, medications [beta-blockers, statins, 

aspirin, Angiotensin converting enzyme (ACE)], healthy 

diet and heart transplantation [21]. (Schlitt et al., 2014). 

 

Biomarkers of Cardiac Function 

Biomarkers are substances derived from organs, which can 

be measured and evaluated as indicators of normal biology, 

pathogenic process, or pharmacological response to a 

therapeutic intervention.  

An ideal biochemical marker; 

▪ Should be a prognostic indicator 

▪ Should assist in the early diagnosis of condition 

▪ Should reliably reflect the therapeutic response and 

▪ Help in grading the risk associated with each stage of 

Heart Failure. 

 

Commonly measured biochemical markers for cardiac 

damage are: 

▪ Creatine phosphokinase (CK) 

▪ Lactate dehydrogenase (LDH) 

▪ Aspartate aminotransferase (AST). 

 

There are other several newer biochemical markers available 

and it is worth noting that these proteins, called troponins, 

are gradually replacing the measurement of traditional 

cardiac enzymes such as CK, because of their greater 

sensitivity and specificity. However, this transition is limited 

by the high cost (and complexity of method) of assay for the 

new markers. 

 

Creatine phosphatase (CK) 

This enzyme’s primary function within the cell is that of 

energy production. There are high concentrations in the 

hearty, skeletal muscle and brain [22]. Normal values are 

higher in men, people with a large muscle mass, or in those 

who are physically active. Until recently, CK was the most 

specific cardiac enzyme available. Other clinical situations 

such as head or extreme hypothermia may also cause CK 

levels to rise. 

However, the Iso-enzyme CK-MB, which is more cardiac 

specific, helps discriminate a Myocardial Infarction (MI) at 

a very early stage when thrombolysis may be needed [23]. 

Since 1975, CK-MB has been accepted as unequivocal 

evidence of MI. Total CK levels are non-specific but the 

CK-MB iso-enzyme (CK-2) elevation of 4% or more 

indicates MI [7]. 

CK-MB rises within 4-6 hours after the onset of symptoms; 

a peak level is seen within 24 hours and persists for 2-3 

days. This makes it an ideal marker to monitor re-infarcts 

and most importantly to mark successful thrombolytic 

therapy, since the circulating levels are elevated on 

reperfusion therapy [7]. Cardiac muscle has higher CK-MB 

levels (25-30%) compared to skeletal muscle (1%), which is 

mostly composed of CK-MM [24]. 

There are two types of assay for this iso-enzyme: The CK-

MB mass assay measures CK-MB protein and the CK-MB 

activity assay measures enzyme action. Both CK-MB assays 

detect Myocardial Infarction although CL-MB activity is 

quicker and cheaper but less effective. CK-MB Levels do 

not usually rise with chest pain cause by angina, pulmonary 

embolism or heart failure [5]. 

 

Lactate dehydrogenase (LDH) 

LDH catalyzes the conversion of lactate to pyruvate, 

providing adenosine triphosphate (ATP) for energy during 

periods of anaerobic metabolic within cells. This enzyme is 

not cardiac-specific, unfortunately. LDH is often used too 

confirm the diagnosis of acute Myocardial Infarction, 

established by CK-MB, and the assay is quick and 

inexpensive. LDH may also be elevated in haemolysis, 

leukaemia, megaloblastic anaemia and renal disease [25]. 

 

Aspartate aminotransferase (AST) 

Aspartate Transaminase became the first biomarker used in 

the diagnosis of Acute Myocardial infarction (AMI). AST 

was widely used in the 1960s and was incorporated into the 

World Health Organization (WHO) definition of AMI. 

However, AST is not specific for cardiac muscle, and its 

detection for cardiac damage [24]. 

This enzyme is found in the cell cytoplasm and 

mitochondria where it catalyzes amino acid activity, AST is 

found in all tissues. Raised level of this enzyme is found in 

approximately 70% of Myocardial Infarction patients [26]. 

Although it is less specific than the CK-MB assay, it is 

quick and inexpensive. AAST is also elevated in liver 

disease, pulmonary embolism, skeletal muscle injury, shock 

or intramuscular injections. 

 

Conclusion  

Cardiotoxicity remains a significant clinical concern, 

particularly with the increasing use of chemotherapeutic 

agents and targeted therapies. Early detection, risk 

assessment, and ongoing monitoring are essential to mitigate 

cardiac complications. A multidisciplinary approach 

involving cardiologists and oncologists enhances patient 

outcomes. Continued research is needed to develop safer 

therapeutic options and improve our understanding of 

underlying mechanisms. This review highlights the 

importance of vigilance and proactive management in 
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addressing cardiotoxicity in clinical practice. 
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