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Abstract: Despite the noteworthy advancements and the introduction of new technologies in diagnostic tools for cardiovascular
disorders, the electrocardiogram (ECG) remains a reliable, easily accessible, and affordable tool to use. In addition to its crucial role in
cardiac emergencies, ECG can be considered a very useful ancillary tool for the diagnosis of many non-cardiac diseases as well. In this
narrative review, we aimed to explore the potential contributions of ECG for the diagnosis of non-cardiac diseases such as stroke,
migraine, pancreatitis, Kounis syndrome, hypothermia, esophageal disorders, pulmonary embolism, pulmonary diseases, electrolyte
disturbances, anemia, coronavirus disease 2019, different intoxications and pregnancy.
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Introduction

In this current era of remarkable progress in paraclinical diagnosis reflecting cardiac activity, the electrocardiogram still
remains a dependable, affordable and widely used test. In emergency wards, the ECG is routinely the first test performed,
within minutes past admission of a critical patient. Heart electrical activity may reflect either structural and functional
disturbances, or systemic influences from non-cardiac origin, such as inflammation, vasopressor stimuli, hormonal influences,
ionic electrical changes, direct cardiomyocytes toxic effects and hemodynamic variations induced by neurologic disturbances.

For emergency practitioners, especially, but not only, the ability to recognize ECG patterns, albeit non-specific, but highly
suggestive of severe non-cardiac diseases, arouses considerable interest. The formulation of an appropriate diagnosis may
emerge from suggestive ECG tracings, which, in turn, will impact patient outcomes through early downstream diagnostic and
therapeutic measures.

In the current article, we aim to provide a comprehensive exploration of several major non-cardiac diseases, shedding
light on their specific electrocardiogram patterns and the underlying causes that contribute to these aberrations in cardiac
electrical activity. Each non-cardiac disease discussed will be accompanied by a detailed exploration of the characteristic
ECG findings associated with it. By highlighting the pathophysiological mechanisms, underlying these ECG changes, we

aim to elucidate how systemic conditions can intricately influence cardiac electrical activity, presenting clinicians with a
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diagnostic framework to recognize and interpret these patterns effectively. Through this narrative review, we underscore
the fundamental role of ECG in the diagnosis and management of non-cardiac diseases, emphasizing its utility as a
valuable diagnostic tool in the realm of contemporary medicine. By bridging the gap between non-cardiac pathology and
cardiac electrical activity, this article aims to contribute to a deeper understanding of the complex interplay between
systemic illnesses and their manifestations on the electrocardiogram.

ECG Features in Stroke

Stroke is defined as an acute neurological dysfunction, characterized by a duration of 24 hours or more, or until death,
which can be attributed to either hemorrhage or ischemia. Ischemic stroke stems from a compromised cerebral blood
flow, leading to diminished oxygen and nutrient delivery to the brain. Its two primary subtypes are thrombotic and
embolic, classified according to the source of the clot, with the latter originating from a distant site, commonly the left
atrium or the carotid arteries.' > Hemorrhagic stroke is characterized by the rupture of a cerebral vessel and can be
subdivided into subarachnoid and intracerebral hemorrhage. In subarachnoid hemorrhage (SAH), there is blood accu-
mulation between the arachnoid and pia mater, while in the intracerebral presentation, bleeding is contained within the
brain parenchyma, forming a hematoma.*®

The precise mechanisms by which stroke is associated with cardiac injury reflected by ECG changes is not yet fully
understood. However, there is a significant rise in the prevalence of major cardiac events in the first four weeks following
a stroke, notedly, the appearance of acute coronary syndrome, heart failure, atrial flutter, or fibrillation, Takotsubo
syndrome and life-threatening ventricular arrhythmias. The main mechanism postulated is that stroke induces hypotha-
lamic-pituitary-adrenal axis stimulation via the paraventricular nucleus. Hypothalamic activation then leads to autonomic
dysfunction, increased sympathetic tone and subsequent arrhythmias. This sympathetic overactivity also leads to
catecholamine release, promoting ischemia and myocardial injury.”® In a statistical analysis by Sethuraman M. et al,
intracranial hypertension, secondary to supratentorial brain tumors, induced electrocardiographic changes that were
found to be the result of sympathetic excitation and of the subsequently substantial amounts of secreted norepinephrine,
thus providing further evidence supporting this hypothesis.’

Catecholamine levels typically display a rise for a period extending from 24 hours to 5 days. During this period, ECG
may reveal QT interval prolongation. Rarely, catecholamines may exhibit long-term elevation and eventually lead to
Takotsubo cardiomyopathy. In such cases, ECG can depict ST-segment depression or elevation, QT prolongation, left
bundle branch block and an inverted T wave.'® Excessively high catecholamine levels can also induce the activation of
beta receptors, resulting in an elevation of cytosolic cAMP levels. Subsequently, this cascade of events can lead to
exacerbation of oxidative stress, osmotic swelling, and ultimately, myocardial cell necrosis. Oxidative stress can decrease
nitric oxide (NO) availability, leading to vasoconstriction, endothelial dysfunction, and fostering of a pro-thrombotic
state.'' According to a hypothesis formulated by Scheitz et al, stroke might induce gut dysbiosis and subsequently
contribute to the development of cardiac dysfunction. However, this issue is still a matter of controversy and requires
further research.'?

Sympathetic and parasympathetic activities are controlled respectively by the right and left hemispheres. Therefore,
right insular lesions, which can be attributed to either ischemic or hemorrhagic stroke, exacerbate parasympathetic
activation by impairing the sympathetic system.'' Electrocardiographic abnormalities related to right insular lesions are
frequently characterized by premature atrial contractions, T wave inversion, and irregular heart rhythms including atrial
fibrillation, and atrioventricular blocks. Conversely, bilateral lesions of the insula usually entail sinus tachycardia, ST-
segment depression, complete heart block, as well as the aforementioned electrocardiographic presentations associated
with right insular lesions.®'?

There has been described an extensive range of ECG changes associated with hemorrhagic stroke, with a specific
emphasis on SAH. SAH has been related to notable ECG abnormalities that encompass ST-segment depression or
elevation, the presence of large and inverted T waves, and the presence of U waves (Figure 1). Additionally, SAH may
associate with other ECG disturbances such as QT interval prolongation, and a handful of abnormal cardiac rhythms,
including atrioventricular blocks, bundle branch blocks, atrial flutter and atrial fibrillation, junctional rhythm, supraven-

tricular tachycardia, and sinus bradycardia or tachycardia.”'*
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Figure | Example of an ECG feature in stroke, characterized by sinus rhythm, normal cardiac axis, giant inverted T waves.
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The majority of these newly found ECG modifications are transient, peaking a few days past the stroke onset.

However, atrial fibrillation may persist or become permanent and prompt the initiation and long-term administration of
oral anticoagulation in order to mitigate the associated thromboembolic risk.'?

ECG Features in Migraine
Migraine is a chronic, mostly hereditary, neurological condition, characterized by pulsatile unilateral headache, which
can span from moderate to severe, and is exacerbated by a variety of factors such as, for instance, light, sound, and
movement. It is estimated that up to 80% of patients may experience prodromal symptoms starting 48 hours before the
episode. These symptoms are more frequently neurological but can also be gastrointestinal, sensory, or expressed by
general malaise.'> Migraines are a neurovascular pain syndrome, owing to the interplay of a wide range of pathophy-
siological mechanisms not fully understood. The most prevalent hypothesis suggests that some individuals exhibit a
greater sensitivity for sensory stimuli, by which nociceptive stimuli from the meninges activate the first-order peripheral
trigeminal neurons, followed by a cascade of events that stimulate different regions in the brainstem and forebrain. The
trigeminal innervation within the meninges ultimately induces vasodilation and inflammation by facilitating the release of
NO and neuropeptides. Furthermore, the superior salivatory nucleus also exerts parasympathetic mediation, thus
contributing to vasodilation.'®

Apart from the cranial parasympathetic activation, migraineurs seem to suffer from a generalized autonomic
dysfunction, despite contradictory results reported by different authors: while some indicate heightened sympathetic
activity, others suggest reduced sympathetic tone among migraineurs.'” Documentation of ECG changes in patients
experiencing migraines include reversible electrocardiographic changes, such as prolonged QT and PR intervals, which
typically resolve following the migraine attack. There have also been reports of reversible coronary artery spasm
simulating an ST-segment elevation myocardial infarction on ECG. Many migraineurs also exhibit sinus tachycardia

. . . . 18.1
or sinus bradycardia and atrioventricular blocks.'®'”

ECG Features in Kounis Syndrome

It has been widely documented for many years that certain allergens can cause cardiovascular allergic and anaphylactic
reactions. After administering high doses of antipneumococcal serum to a child in 1938, Eugene Clark found reactive
arthritis and carditis. Pfister and Plice reported the first case of acute MI linked to urticaria brought on by penicillin
therapy in 1950.%° Kounis and Zavras did not coin the term “allergic angina syndrome” until 1991, as coronary spasm
evolved into allergy acute MI.>'

Kounis syndrome (KS) is defined as the concurrence of acute coronary syndromes like coronary spasm (type I
variant), acute myocardial infarction (type II), and stent thrombosis (type III) in the setting of allergic or hypersensitive
reactions, anaphylactic or anaphylactoid insults, and conditions associated with mast cell and platelet activation involving
connected and interacting inflammatory cells.”>** Histamine, which is generated when mast cells degranulate, is
typically linked to severe allergy and anaphylactic reactions, but it can also occasionally cause atheromatous plaque
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erosion with rupture or severe coronary artery spasm.>**> Type I typically arises in patients with normal coronary
arteries, whereas type II is encountered in individuals with underlying atherosclerotic disease. Type II manifests in
individuals with drug-eluting stents (DES), being comprised of two subtypes: stent thrombosis (subtype I1la) and stent
restenosis (subtype I1Ib).%2

In the context of anesthesia, surgery, radiology, oncology, or even dental and psychiatric medicine, KS is a complex
multisystem and multi-organ arterial clinical condition that affects the coronary, mesenteric, and cerebral arteries and is
accompanied by allergy-hypersensitivity-anaphylaxis involving the skin, respiratory, and vascular systems. It also has a
significant impact on morbidity and mortality.*®

Mast cell degranulation, which is a KS sign and reflects a silent allergic reaction, has been reported to underlie up to
13% of sudden cardiac fatalities in adults.”

Coronary artery spasm and/or atheromatous plaque erosion or rupture after an allergic reaction are both part of the KS
pathophysiology. Mast cells that interact with macrophages and T-lymphocytes are the primary inflammatory cells involved in
the KS development. Mast cells are prevalent in the heart tissues and are present within coronary plaques. The smooth muscle
layer adjacent to a region of plaque erosion or rupture may also be invaded and injured by activated mast cells.”**'

Mast cells degranulate during hypersensitivity, releasing a number of previously synthesized and freshly formed
inflammatory mediators both locally and into the systemic circulation. Among some of the mediators are biogenic amines
like histamine, chemokines, neutral proteases like chymase, tryptase, and cathepsin-D, peptides, proteoglycans, cyto-
kines, growth factors, and arachidonic acid products like leukotrienes, thromboxane, prostacyclin, and tumor necrosis
factor. A sizable portion of these mediators possess cardiovascular action. Histamine causes tissue factor expression,
coronary vasoconstriction, and platelet activation.*>** All three neutral proteases can activate matrix metalloproteinases,
which, in turn, can erode and rupture plaques by breaking down the collagen cap. Tryptase has both thrombotic and
fibrinolytic capabilities, thereby affecting the coagulation cascade in a dual manner.>*

Angiotensin I can be converted to angiotensin II, a key vasoconstrictor, via converting enzymes such as chymase and
cathepsin-D. Leukotrienes are potent vasoconstrictors as well, and the acute stage of unstable angina stimulates their
production.”

Mast cells have been found to infiltrate coronary arteries before an acute first event, including shoulder areas of
coronary plaques prone to erosion or rupture as well as the sites of coronary arteries where plaque rupture or erosion has
already occurred. In contrast to closed junctions covering the normal artery intima, the mast cell progenitors may pass
through the endothelial cells that line human atheromatous plaques.*®

According to Fisher et al, KS may arise as a result of anaphylaxis, with the heart as the primary site and target.
Currently, it is thought that a conjunction of factors contributes to coronary hypoperfusion with subsequent myocardial
injury: topping the list are systemic vasodilatation, decreased venous return, plasma leakage, volume loss due to
increased vascular permeability, and the concomitant slowing of heartbeat during anaphylactic episodes.’’

The acute release of inflammatory mediators can either cause coronary artery spasm without an increase in cardiac
biomarkers, or conversely, coronary artery spasm that will evolve into an acute myocardial infarction with elevated
troponins, creatinine kinase and creatinine kinase-MB, possibly reflecting underlying endothelial dysfunction or micro-
vascular angina.'®**

Therefore, KS should be suspected in individuals who have systemic allergic reactions along with clinical, electro-
cardiographic, and laboratory signs indicating acute myocardial ischemia. The most frequent cardiac symptom of Kounis
syndrome is chest pain (86.8%), followed by anaphylactic symptoms (53.0%), while particularly useful measurements
include those of serum tryptase, histamine, cardiac enzymes, and cardiac troponins.S(““

Indicative of ischemia on the ECG are often ST-T alterations, with ST elevation MI being the most typical manifestation
(Figure 2). These changes disappear immediately after neutralization of the allergic reaction. Regional wall motion abnorm-
alities on the echocardiogram often mirror the impairment in blood flow distribution of the afflicted artery.*?

Treatment in Kounis syndrome may be challenging since it must concurrently address both cardiac and allergic
symptoms, and medications used may exacerbate the allergy and impair heart function.”>**~*® Whereas patients with KS

can expect a full recovery with the appropriate care, fatal cases have been reported.*’
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Figure 2 ECG features in Kounis syndrome, demonstrating sinus rhythm, normal cardiac axis, diffuse coved and saddleback ST elevations in leads Il Ill, aVF and ST segment

depression in leads | and aVL.

ECG Features in Pancreatitis
Acute pancreatitis (AP) is a systemic inflammatory disease of the pancreas with an increasing incidence globally.
Clinically, it is characterized by abdominal pain accompanied by increased serum pancreatic enzymes (amylase and
lipase). Morbidity and mortality are significant in patients with AP due to systemic complications and multiple-organ
failure. Cardiac involvement also has a prominent place alongside systemic complications, the cardiac dysfunction in
patients with AP being confirmed in many studies.’* >

In patients with AP, transient electrocardiographic changes are well known in the literature. The first ECG changes in
AP were reported in 1934 by Drummond. Tachycardia and atrial fibrillation have been observed and suspected to be
secondary to shock.™

Over the years, other authors have also identified other ECG abnormalities in patients with AP. The most common
changes occur in the form of T-wave inversion, U-wave appearance, ST-segment depression and, rarely, ST-segment
elevation in continuous leads to suggest acute coronary syndrome. Other changes would include sinus bradycardia,
repolarization changes, nonspecific T-wave changes, accelerated atrial or nodal rhythms. These changes are present in the
early phase of acute pancreatitis.”*'-**

In addition, QT interval changes, especially early repolarization, have been described as the most common ECG
finding of patients with AP.*°

It has been shown that regardless of the severity of acute pancreatitis, it can be associated with different forms of
myocardial injury. To date, there have been a total of 34 cases in which acute pancreatitis has been presented with ECG
changes consistent with acute myocardial infarction without true coronary artery thrombosis. The most common pattern
of myocardial infarction was ST-segment elevation in the inferior wall.>*

One explanation for the presence of these ECG changes of ST elevation, especially in inferior leads, would be related
to the involvement of the vagal autonomic innervation.>

Many hypotheses have been proposed regarding the injury mechanism, including decreased coronary perfusion, direct
myocyte injury by pancreatic proteolytic enzymes, indirect injury via parasympathetic activity, electrolyte disturbances,
coronary vasospasm, prothrombotic disorders, hemodynamic instability, and cardiac injury induced by systemic inflam-
matory response.so’5 4

Pancreatitis is often accompanied by metabolic abnormalities such as hypocalcaemia, hyponatraemia, hypokalaemia,
hypomagnesaemia, and insulin-induced hypoglycaemia. Several electrolyte disturbances can affect myocardial repolar-
ization, leading to changes in QT interval, ST-segment elevation, U-wave appearance, and low T-wave amplitude.>®

To describe ECG disorders, in patients with AP, Rubio-Tapia et al conducted a study which aimed to assess the
importance of electrolytes and pancreatic enzymes in AP. Fifty-one patients with AP without pre-existing heart disease

were included. Standard 12-lead electrocardiogram was performed, and serum electrolyte profile was collected. Twenty-
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eight patients (55%) had an abnormal ECG. The most common disorders were nonspecific repolarization changes (20%),
sinus tachycardia (12%) and left anterior hemiblock (10%).%’

The nonspecific repolarization changes described by Rubio-Tapia et al were later shown to be early repolarization
changes, initially described as benign, but later revealed to be a prognostic parameter for ventricular tachyarrhythmias.
The exact mechanism responsible for the appearance of early lateral repolarization changes is not well understood, and
some authors attribute them to increased sensitivity of ventricular myocytes to the action of depressant cardiac factors,
such as kinin and myocardial depressant factor.>”

Pancreatic proteolytic enzymes, such as trypsin 1, can result in direct injury to the pericardium or myocyte membrane,
leading to changes in cell permeability with possible necrosis and subsequent electrical changes. Kellner and Robertson
demonstrated the presence of ECG changes after intravenous injection of proteolytic enzymes. Several authors have
speculated that such injury may lead to transient local hyperkalemia sufficient to block depolarization, which cannot be
corrected until normalization of electrolyte levels.”®

The presence of a cardio-biliary reflex is another hypothesis attempting to explain cardiac injury by direct action on
the myocardium or by altering coronary blood flow. Although the innervations of the heart and gallbladder come from
different levels of the spine, Morrison and Swulim raised the possibility of a vagal-mediated reflex, which circulates
through the intermediate neurons connecting these branches. This reflex has been cited as the putative cause of T wave
changes in acute cholecystitis and is also suspected of involvement in pancreatitis, gastrointestinal hemorrhage, and
intracranial bleeding.>®

Although differentiation between AP and acute coronary syndrome is rarely a source of confusion, ancillary studies
such as serial ECG can be extremely helpful when signs and symptoms overlap.”

AP may mimic acute myocardial ischaemia, infarction or a combination of both may simultaneously occur.
Echocardiography and coronary computed tomography angiography (CCTA) are fundamental, as the diagnosis may be
confirmed by abnormal motion of the left ventricular wall observed on echocardiography, along with CCTA revealing
critical stenosis in coronary arteries.’® Selective coronary angiography may be useful for differential diagnosis and can
prompt immediate revascularization. Administration of thrombolytic therapy in such patients is not safe and may have
fatal consequences.™

Therefore, doctors should include intra-abdominal diseases in the differential diagnosis when transient ST segment
elevation in inferior leads is recorded in patients with a low probability of having coronary artery disease as judged by
clinical and laboratory assessment. Treatment of the underlying condition leads to resolution of the ECG changes.>”

It is imperative that doctors be aware that AP can mimic an acute myocardial infarction. Although we have begun to
better understand the pathological mechanisms of this phenomenon, further research focused on specific molecular target
areas is needed.>*

ECG Features in Toxicology

Myocardial damage occurs after acute exposure to xenobiotics, posing a significant predictor of mortality in many of
these situations.’>**® In patients poisoned with undifferentiated drugs and nonpharmaceutical substances, the need for
ICU hospitalization is correlated with higher levels of biomarkers, within 24 hours of exposure, such as high-sensitivity
C-reactive protein, red cell distribution width, neutrophil-lymphocyte ratio, and monocyte—lymphocyte ratio.®!

Beta-Blockers

Beta-blockers or beta-adrenergic receptor blockers are a class of medications indicated for the treatment of a variety of
cardiovascular disorders, such as hypertension, chronic heart failure, ischemic heart disease and cardiac arrhythmias, as
well as for prevention of migraine and treatment of portal hypertension, essential tremor, and thyroid storm.®*> Three
subtypes of beta-adrenergic receptors may be found in the human organism; beta-1 (1) receptors located in the heart and
kidney, beta-2 ($2), which are the most abundant, found in smooth and skeletal muscle, the ciliary body of the eye, the
liver and pancreatic beta cells and finally, beta-3 (B3) receptors which are exclusively located in adipose tissue.®® Beta-
blockers can be divided according to their beta-receptor blocking activity into selective and non-selective. 1 blockers
exert a dose-dependent cardioselective effect, by competitively inhibiting the action of epinephrine and norepinephrine
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and producing a negative chronotropic, inotropic and dromotropic effect. Moreover, by acting in the juxtaglomerular
cells in the kidneys, they decrease renin release and blood pressure.** Non-selective beta-blockers inhibit the effects of
both 1 and B2 receptors, favoring bronchoconstriction, masked hypoglycemia, unopposed vasoconstriction, and sub-
sequent hypertension.®®

In a study conducted by Love J. et al, a cohort of 167 patients underwent electrocardiographic assessment as soon as
they presented to the emergency room with beta-blocker intoxication. The most frequent ECG manifestation was first
degree atrioventricular conduction block, with a P-R interval duration over 200 milliseconds. It was followed by QRS
interval prolongation, also known as intraventricular conduction delay and QT prolongation which may then lead to
“torsades de pointes”. These changes were more prominent in patients who had ingested acebutolol and sotalol. Although
bradycardia is thought to be a cardinal symptom of beta-blockers, it was only demonstrated in 3 out of 13 patients’ initial
ECG.%>*¢ However, QTc prolongation is a well-known ECG parameter which correlates with mortality in a wide range
of acute poisoning episodes.®’

Calcium-Channel Blockers

Calcium-channel blockers (CCBs), also known as Ca®" antagonists, are a drug category frequently prescribed for the
treatment of ischemic heart disease, hypertrophic cardiomyopathy, hypertension, supraventricular arrhythmias, pulmon-
ary hypertension, subarachnoid hemorrhage, Raynaud’s disease, and prophylaxis of migraine. They are divided into two
chemical classes: the dihydropyridines, such as amlodipine and nifedipine and non-dihydropyridines, including verapa-
mil and diltiazem.®®**" Both classes of CCBs block the entry of calcium ions into the voltage-gated L-type channels,
therefore causing peripheral vasodilation and hypotension. Verapamil and diltiazem also act on the L-type channels in the
cardiac muscle, thereby inducing negative inotropic and chronotropic actions by reducing the automaticity of the sinus
node and propagation of nervous impulses through the atrioventricular node.”®"!

When non-dihydropyridine CCBs are ingested in toxic amounts, several electrocardiographic changes are demon-
strated: sinus bradycardia’ PR interval prolongation and several degrees of atrioventricular (AV) block, QT interval
prolongation, and widened QRS complexes due to bundle branch blocks. Junctional escape rhythm with absent or
inverted P waves may be documented as well. On the contrary, in dihydropyridine CCBs intoxication, no ECG changes
are observed other than reflex sinus tachycardia.”

Digoxin

Digoxin, commonly referred to as digitalis, is a cardiac glycoside derived from the plants Digitalis lanata and Digitalis
purpurea. It is indicated for the treatment of heart failure with reduced ejection fraction, atrial flutter, and fibrillation.
Digoxin acts by inhibiting the sodium-potassium ATP-ase, which in turn increases the inflow of calcium ions, thereby
provoking a positive inotropic response. Digoxin also suppresses the atrioventricular node through stimulation of the
parasympathetic system, leading to bradycardia.”

Digoxin overdose typically presents with a distinctive downsloping ST-segment depression originating from the
J-point, also known as “Salvador Dali appearance”, “reverse tick” or “scooping” ST-segment (Figure 3). Other electro-
cardiographic elements include PR prolongation, a shortened QT interval and inversion or flattening of the T wave.
Arrhythmias such as sinus and ventricular tachycardia, atrial fibrillation and various degrees of AV block are common

features, as well. 7476

Paracetamol
Paracetamol or acetaminophen is an over-the-counter analgesic and antipyretic medication. Although its exact mechan-
isms of action are not fully known, paracetamol has been shown to inhibit COX-2, resulting in decreased production of
prostaglandins. Paracetamol activates the descending serotonergic pathways to increase serotonin levels and to stimulate
the cannabinoid receptors.”’

ECG abnormalities are more often encountered in patients with hepatic encephalopathy due to paracetamol poisoning,
but they can also manifest in patients devoid of toxicity. The most common findings are cardiac ischemia and myocardial

infarction, manifested by new ST-segment depression, ST-segment elevation, and T wave inversion.”®’® Malignant
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I II II1 aVL aVF
V1 V2 V4 V5 Vé
Figure 3 ECG features in digoxin intoxication, revealing absent P waves, normal cardiac axis, and a distinctive downsloping ST-segment depression in leads |, Il, aVL, V4-Vé.

arrhythmias such as ventricular tachycardia, ventricular fibrillation and accelerated idioventricular rhythm are also
frequently observed.®

Carbon Monoxide
Carbon monoxide (CO) is a tasteless, odorless, and colorless gas that is usually the by-product of the incomplete
combustion of gas-powered appliances, fires, or smoking exposure. When inhaled, CO binds to hemoglobin and
myoglobin with a stronger affinity than oxygen, therefore resulting in the formation of carboxyhemoglobin and
carboxymyoglobin, leading to the decrease of the blood oxygen carrying capacity and depletion of myocardial stores.®’
CO poisoning has been frequently associated with acute coronary syndrome. In many instances, ECG during CO
intoxication exhibits new ST-segment depression, ST-segment elevation, and T wave inversion.”” This sort of intoxica-
tion has also been characterized by the emergence of a prolonged PR interval, broadening of the QRS complex and

several dysrhythmias, such as the Brugada pattern, and atrial and ventricular fibrillation.®**

Ethanol

Ethanol or ethyl alcohol is a clear, transparent, and volatile liquid. It is the main active substance of alcoholic beverages
and is often consumed as a recreational substance. Ethanol stimulates the inhibitory effects of Gamma Amino Butyric
acid on the central nervous system (CNS), by strongly binding to these receptors and therefore, resulting in sedative
effects and impaired coordination.®® While excessive alcohol consumption over a short period can lead to transient
electrical atrial remodeling, also known as “Holiday heart syndrome”, sustained chronic alcohol abuse has been
demonstrated to induce ventricular dilatation, a negative inotropic effect, and impaired systolic and diastolic functions,
also known as alcoholic cardiomyopathy.®®*”

ECG changes resulting from alcohol intoxication can display various distinctive patterns. Notably, prolongation of the
PR interval, the QRS complex and the QT interval are common, significantly increasing the risk for fatal arrhythmias.
Other ECG changes include ST-segment depression and T wave inversion or flattening. In many cases, sinus tachycardia,
premature atrial contractions and atrioventricular of all degrees may be observed. Additionally, excessive alcohol

consumption is associated with the development of atrial fibrillation and ventricular arrhythmias.®*°

Ethylene Glycol and Methanol

Ethylene glycol is an odorless, transparent liquid utilized in the hydraulic brake system and as antifreeze for car engines.
Upon liver metabolism, it is broken down into glycolic acid, glyoxylic acid, oxalic acid and glycolaldehyde. These
compounds are severely toxic, affecting initially the CNS with encephalopathy and coma, then causing heart and

pulmonary failure and finally, renal failure and late neurological complications.®”-*!-"*
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Methanol, also known as wood alcohol and Colombian spirit, is a clear liquid found in solvents, antifreeze, coolants,
and carburetor fluid. It also has various applications in industrial and commercial purposes as a chemical intermediate of
several products.”®**

Frequent ECG abnormalities associated with toxic alcohols (methanol and ethylene glycol) poisoning are QT interval
prolongation, often leading to “torsades de pointes”, PR interval prolongation and atrio-ventricular block. Additionally,
the occurrence of sinus tachycardia is a frequently observed phenomenon. In a case presented by Dibajnia et al, the ECG
findings at the time of initial evaluation were indicative of myocardial infarction as patients exhibited newly found ST-

segment elevation and T wave inversion.”> ®

Organophosphates
Organophosphates are organic compounds of phosphoric acid that have extensive applications as insecticides and
acaricides in fields, such as agriculture, horticulture, and veterinary medicine, whereas their domestic use is very limited.
These insecticides irreversibly inhibit acetylcholinesterase leading to a buildup of acetylcholine and excess stimulation of
the CNS, muscarinic and nicotinic receptors.®-*°

According to Ludomirsky et al, complications pertaining to the heart evolve in three stages. During the first stage,
sinus tachycardia is noted due to heightened sympathetic activity. As the second stage begins, prolonged parasympathetic
activity mounts up, expressed by ST-segment and T wave abnormalities and frequent bursts of atrioventricular block. In
the third and final stage, prolongation of the QT interval can emerge, paving the way to “torsades de pointes” and

ventricular fibrillation.'®

Mushrooms
Mushrooms are a quite common source of intoxication, with over 2000 types listed globally. However, it is noteworthy
that only 50 types have proven to be toxic. Among these toxic species, Amanita phalloides, commonly known as the
Death Cap mushroom, stands out as the most toxic and is associated with the highest rates of mortality. The Amanita
mushroom contains three different toxins. Among these, amatoxin plays the most significant role in clinical practice, as it
resists thermoregulation and cannot be destroyed by cooking. Amatoxin primarily exerts its effects on the liver and
kidneys, and within the span of a few days following the ingestion, acute liver and renal failure ensue.'®'

ECG changes may vary according to the species of mushroom ingested. However, the most widely ECG documented
disturbances are sinus tachycardia, ST-segment depression, and nonspecific T wave changes, as well as electrocardio-
graphic changes suggestive of myocardial injury.'®> Moreover, QT interval prolongation and life-threatening arrhythmias

103,104
may follow.'%*!°

ECG Features in Hypothermia

Hypothermia is a condition that occurs when the body loses heat faster than it can generate it, resulting in a dangerously
low body temperature. It may result from accidents, metabolic derangements, or therapeutic interventions. Body
temperature averages 36.6 degrees Celsius (97.88 degrees Fahrenheit) in normal functioning human organisms, while
hypothermia occurs when body temperature falls below 35 degrees Celsius (95 degrees Fahrenheit). Hypothermia
severity based on the core temperature is regarded as mild (from 35 to 32 degrees Celsius), moderate (from 31 to 28
degrees Celsius) and severe (from 27 to 24 degrees Celsius) and in some cases profound (lower than 24 degrees Celsius).
In hypothermia, vital organs become dysfunctional, and if not managed on time, general organ failure ensues.'®’

Aside from clinical signs and symptoms, ECG changes play a crucial role in hypothermia diagnosis. ECG changes in
hypothermia are diverse and the majority is based on clinical case reports. One primary mechanism is related to the ion
channel changes specific for patients with hypothermia. As body temperature starts dropping, the transport of sodium,
potassium, and calcium ions across the cell membranes and heart electrical activity becomes impaired, resulting in
various ECG changes. Bradycardia stands as one of the most frequent arrhythmias following hypothermia and may be
explained by the slowing depolarization of cardiac pacemaker cells as body temperature decreases. The intensity of
bradycardia is associated with the nature and severity of hypothermia. During therapeutic hypothermia (TH) 49% of
patients may present with a heart rate below 50 beats per minute. Lengthening of PR interval can also occur in
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hypothermia and may be explained by both delayed repolarization and depolarization of heart electrical waves.
Furthermore, reduced ion channel function may particularly affect the activity of potassium channels responsible for
repolarization.'*1%>

Appearance of J-waves (Osborn waves, camel-hump sign) is another ECG sign in hypothermia (Figure 4). J-waves
emergence during ventricular repolarization is mainly caused by the redistribution of electrical currents within the heart
under conditions of low temperature due to changes in ion channel conductance. A J-wave during hypothermia has been
reported in 80% of patients.'°® Despite the absence of consensus regarding the prognostic role of J waves in hypotension,
they are believed to play a crucial role in the assessment of outcome among patients with ischemic heart disease. For
instance, Feldman A. et al reported a poor prognostic role of J waves during therapeutic hypotension among sudden
cardiac death survivors.'®” Osborn wave, characterized by narrowing of the QRS complex at the junction of the R-wave
and ST interval and may mimic the so-called R’ wave. Although the underlying mechanism is unknown, the most
plausible explanation involves gradient differences between epicardium and endocardium during hypothermia, which
could cause early repolarization. In most cases, this is observed in lower and lateral wall leads, particularly in V3-V6, but
sometimes in V1-V2, as well.'%®

Prolongation of QTc intervals is often apparent in hypothermia. This ECG change may be caused by hypokalemia and
hypomagnesemia, common findings in hypothermia. Shortening of QRS intervals has also been reported in hypothermia.
The QRS interval is associated with ventricular depolarization and a small, albeit significant, shortening of QRS can be
observed in hypothermia, which may be due to the prolongation of repolarization phase rather than speeding of
depolarization phase. Other disturbances such as sino-atrial exit block, PR prolongation, QRS widening, ST depression,
atrial and ventricular fibrillation, though nonspecific for hypothermia may also be observed in patients affected by this
condition.'%-11°

The prevalence of ECG findings in hypothermia varies among different authors. For example, de Souza et al found
bradycardia in 52.5% patients, T wave changes in 47.4%, QT prolongation in 72.8%, J wave presence in 88%,
idioventricular rhythm in 10%, AV block in 5% and junctional rhythm and atrial fibrillation in 3.4%.'*® Rolfast et al
found that 30% of patients had Osborn waves that disappeared in 92% of instances after discontinuing TH. New ST
segment elevation emerged during TH either in patients with or without documented myocardial infarction and also

vanished after its discontinuation.'!!

ECG Features in Esophageal Disorders

Gastroesophageal reflux disease (GERD) is a chronic condition characterized by the recurrent influx of gastric acid into
the esophagus, commonly presenting with pyrosis and regurgitation. GERD can be mostly attributed to either reduced
lower esophageal sphincter (LES) pressure or transient relaxations of LES.''? Autonomic system abnormalities have
been suggested as potential factors contributing to the defective LES function, while the exact mechanisms are still a
subject of debate. Many authors have reported the concurrent inhibition of both the sympathetic (SNS) and parasympa-
thetic (PNS) systems, whereas others have noted an enhanced PNS and diminished SNS activity. Nevertheless, this
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Figure 4 ECG features in Osborn syndrome, presenting sinus rhythm, normal cardiac axis, and the characteristic diffuse ] point with R” aspect.
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imbalance between SNS and PNS leads to transient relaxations of the lower esophageal sphincter unrelated to swallow-
ing, persisting for over 10 seconds, and associated with gastroparesis.''>!''*

In a study conducted by Kaya et al, researchers investigated the cardiac manifestations in patients with GERD. The
study revealed two notable findings, namely, QT interval prolongation and an increased interval from the peak of the T
wave until its end (Tpe). Whilst the QT interval reflects the duration of ventricular depolarization and repolarization, the
Tpe represents the duration of transmural dispersion of ventricular repolarization. Both findings embody an arrhythmo-
genic potential that may end up in sudden cardiac death, as both potentially lead to ventricular tachycardia, “torsades de

pointes” and ventricular fibrillation.''*!'?

ECG Features in Pulmonary Embolism

There is a wide range of ECG derangements in patients with pulmonary embolism (PE) consistent with the increased
physiological demands for cardiac output and decreased left ventricular stroke volume.''® Nevertheless, approximately
10-25% of patients with PE have normal ECG findings.'"’

In a study that involved 6049 patients, 354 of whom were diagnosed with PE, several ECG changes were associated
with a positive likelihood ratio of PE such as S1Q3T3 pattern, non-sinus rhythm, inverted T waves in leads V1-V4 and
tachycardia (pulse rate >100 beats/minute).''®

In a meta-analysis of 45 studies of 8209 patients, the most common ECG signs in patients with PE were tachycardia
(38%), T-wave inversion in lead V1 (38%), and ST elevation in lead aVR (36%). Six electrocardiographic criteria were
associated with increased risk of circulatory shock and death: heart rate >100 beats/min, S1Q3T3 pattern, complete right
bundle branch block (RBBB), inverted T waves in V1-V4, ST elevation in aVR, and atrial fibrillation.'"

The presence of atrial arrhythmias, complete right bundle branch block, peripheral low voltage, pseudo-infarction
pattern (Q waves) in leads III and aVF, and ST segment changes (elevation or depression) over the left precordial leads,
were associated with a fatal outcome on admission (Figure 5). Twenty-nine percent of the patients who exhibited at least
one of these abnormalities on admission did not survive hospital discharge, as opposed to only 11% of the patients
without a pathological ECG.'*°

ECG Features in Pulmonary Diseases
The main pathogenic mechanism underlying ECG changes in lung disease involves organ hyperinflation and long-term
effects of hypoxic pulmonary vasoconstriction on the right side of the heart. Such patients develop pulmonary
hypertension and subsequent right atrial and right ventricular hypertrophy (ie, cor pulmonale). At this point, patients
can experience atrial and ventricular dysrhythmias due to right ventricular hypertrophy/dilatation.'*!

The most classical signs of the burden imposed on the right heart are verticalization of the P-wave vector due to
increase in atrial volume and mass, changes in QRS amplitude and duration due to emphysema, and axial shifts due to

right ventricle mass increase. These changes in amplitude can be mainly attributed to the increased electrical resistance
| - LJ [J A NE H II ‘/\_N—N
V1 V2 \& V6
Figure 5 ECG features in pulmonary embolism. The ECG depicts the well-known SIQ3T3 pattern: S wave in lead |, Q wave in lead Il and T-wave inversion in lead Ill. There
is also right bundle branch block and pseudo-infarction pattern (Q waves in leads Ill, aVF).
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Figure 6 ECG features in pulmonary disease. The tracing illustrates sinus rhythm with a typical manifestation of P-pulmonale, particularly visible in leads II, Ill, aVR aVF, and
VI-v2.

induced by the presence of air-filled bullae, as well as to a flattened diaphragm, now oriented more posteriorly, affecting
the position of the heart (Figure 6). '*'"'** However, a number of other possible changes pertaining to chronic lung
hyperinflation are listed in (Table 1).

ECG signs of chronic cor pulmonale are considered one of the poor prognostic signs of chronic obstructive
pulmonary disease and should be closely monitored.'*>'?® An S1S2S3 pattern and right atrial overload during oxygen
therapy are strong predictors of death, with a hazard ratio of, respectively, 1.81 (95% CI, 1.22 to 2.69), and 1.58 (95% CI,
1.15 to 2.18)."*” Other important prognostic ECG markers are left and right bundle branch blocks. In a multivariable
logistic regression model, patients with LBBB had a two-fold higher chance of death compared to those without left
bundle branch block (LBBB). Conversely, the presence of RBBB conferred a 1.6 times lower chance of death during the
observation period.'?*!'%°

Other obstructive lung diseases usually have a similar ECG pattern due to lung hyperinflation as a common
pathogenic mechanism and positional changes of the heart. In acute settings, such as asthma exacerbation, the main
changes subject to close monitoring are ST segment depression, T wave inversion and sinus tachycardia. They are present
in up to 30% of patients and may portend a poor prognosis. These abnormalities persist for up to 7-9 days and often

remain unexplained.'?*'3

Table | ECG changes in chronic lung hyperinflation

Criteria ECG Changes
P-pulmonale P-amplitude in II, lll or aVF 22.5 mm
Rightward shift of the QRS axis +90 degrees (vertical axis) or beyond
Right ventricular hypertrophy Rin VI 27 mm

R/Sin VI >I

Ventricular activation time in VI >35 ms

Sokolow-Lyon (Right ventricular hypertrophy) Rin VI + Sin V5 or V6 >10.5 mm
Exaggerated atrial depolarisation PR and ST segments that deviate below the TP baseline
Low voltage limb leads QRS (R+S) <5 mmin I, Il, aVF, Il (all)
Low voltage precordial leads QRS <10 mV in VI-Vé (all)
SIS2S3 pattern Dominant S in leads |, II, 1l (all)
Short QRS duration <75 ms
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Table 2 Classical ECG changes in electrolyte disturbances

Electrolyte Imbalance Electrocardiographic Changes Image

Hypocalcemia Prolonged ST segment and QT interval Figure 7A
Hypercalcemia Shortened ST segment, widened T wave Figure 7B
Hypokalemia ST segment depression; shallow, flat, inverted T wave; prominent U wave Figure 7C
Hyperkalemia Tall, peaked T waves, widened QRS complex, prolonged PR interval Figure 7D
Hypomagnesemia PR prolongation, widened QRS complex, tall T waves, depressed ST segment Figure 7E
Hypermagnesemia Flat P wave, prolonged PR interval, widened QRS complex, tall T waves Figure 7F

ECG Features in Electrolyte Disturbances

Cardiac action potential is dependent on the activity of voltage-gated ion channels. Electrolyte disturbances are
classically associated with abnormalities in cardiac electric activity. Changes in the concentration of serum and
extracellular ions can lead to proarrhythmogenic or antiarrhythmogenic effects. While potassium is often viewed as a
crucial electrolyte in regulating the electrical activity of the heart, other electrolytes such as sodium, calcium, magnesium
may also result in changes in heart rhythm that are detectable by an ECG (Table 2, Figure 7).

Potassium

The normal reference values in adults for potassium concentration range between 3.5 and 5.2 mmol/L. Hyperkalemia and
hypokalemia strongly correlate with the frequency of rhythm abnormalities, as the potassium concentration gradient
determines the myocardial membrane potential.'>* Electrical disturbances usually manifest in a dose-dependent fashion
(Table 3).

Hyperkalemia is most commonly associated with a number of conditions such as chronic and acute renal failure,
potassium supplementation for diuretic therapy, diuretic therapy with potassium-sparing drugs (spironolactone and
triamterene), therapy with angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, digitalis toxicity,
and massive hemolysis during trauma.'>”

However, it is important to mention that not all patients with potassium shifts develop electrocardiographic
abnormalities. Approximately 46% of patients with potassium levels greater than 6.0 mmol/l present electrocardiographic
changes, and only 55% of patients with potassium levels greater than 6.8 mmol/l have changes consistent with
hyperkalemia.'*® In the early stages of mild hyperkalemia, myocytes exhibit increased excitability, leading to a shortened
repolarization time. This is evidenced by manifestations such as ST segment depression, a reduction in QT interval

A B C
D E F
Figure 7 Classical ECG changes in electrolyte disturbances. (A) Hypocalcemia. (B) Hypercalcemia. (C) Hypokalemia. (D) Hyperkalemia. (E) Hypomagnesemia. (F)
Hypermagnesemia.
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Table 3 Potassium level and ECG changes

Condition Potassium Mechanism ECG Changes
Level
(mmol/l)
Hypokalemia (mild) 3-35 Repolarization abnormalities Atrial fibrillation (potential, but not always present)
Hypokalemia 2.5-3 Repolarization abnormalities and Flattening and inversion of T waves, prolonged QT interval,
(moderate) prolonged action potential prominent U wave, and mild ST segment depression
duration

Hypokalemia (severe) <25 Repolarization abnormalities and “Torsades de pointes”, ventricular tachycardia, and ventricular
prolonged action potential fibrillation
duration

Hyperkalemia (mild) 5.5-6.0 Repolarization abnormalities Peaked T waves (Figure 8)

Hyperkalemia 6.0-7.0 Sinoatrial block P wave flattening, PR prolongation, disappearance of P waves

(moderate)

Hyperkalemia (severe) 7.0-9.0 Conduction abnormalities Sinus bradycardia, high-grade AV block with slow junction and
ventricular escape rhythms, slow AF conduction blocks,
prolonged QRS interval with bizarre wide complex rhythm

Hyperkalemia (critical) >9.0 Repolarization abnormalities Development of sine wave appearance (pre-terminal rhythm),

Progressive atrial paralysis asystole, ventricular fibrillation, pulseless electrical activity with
Conduction abnormalities bizarre, wide complex rhythm, asystole

duration, and the appearance of peaked T waves. As hyperkalemia progresses, impulse conduction diminishes, leading to
prolonged PR and QRS intervals and atrioventricular conduction blocks (Figure 8). Finally, severe hyperkalemia can be
fatal, either by inducing ventricular fibrillation or leading to asystole.'*”-'*

Hypokalemia (K'<3.5 mmol/L) is associated with an increased risk of arrhythmia that requires medical treatment and
primarily associated with a higher risk for atrial fibrillation."**'*° In cases of severe hypokalemia (K*<3 mmol/l), the T-wave
may be masked by a giant U-wave, and the Q-U interval might be mistaken for a pseudo-prolonged QT-interval. Eventually, it

can result in ventricular tachycardia or fibrillation, conduction blocks, and tachyarrhythmias (Figure 9). '4!143

Calcium

Hypercalcemia and hypocalcemia primarily affect the action potential duration. In hypercalcemia, the QT interval tends
to shrink, as elevated extracellular calcium levels have a stabilizing effect on the membrane, requiring a greater extent of
depolarization to initiate an action potential.'**'*> Conversely, in hypocalcemia, the QT interval is typically prolonged.

aVR

I II III aVL aVF

V1 AV—A\ V2 4W///\ Vﬂ///\\ V4 4\/J\\ V5 V6
Figure 8 ECG features in hyperkalemia, revealing sinus rhythm, normal cardiac axis, prominent peaked T waves in leads I, Ill, aVF, V2-V6 and a widened QRS complex.
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aVF
Figure 9 ECG features in hypokalemia. This ECG depicts sinus rhythm, normal cardiac axis, widespread ST segment depression, associated with T wave inversion and the
presence of U waves.

V1 V2 V3 V4 \& V6

While ECG abnormalities associated with hypercalcemia are generally less frequent than those seen in hypocalcemia,
they frequently present as bradyarrhythmias. This is attributed to the prolongation of both PR and QRS intervals (by 12
and 7 milliseconds, respectively), along with the concurrent shortening of the QT interval (by 24 milliseconds).
Additionally, patients with hypercalcemia often demonstrate an increased incidence of J waves, alongside Brugada-
type ECG findings and early repolarization. ST segment elevation, biphasic T waves, and prominent U waves may also be
observed. T wave alterations, resembling those seen in ischemia, can manifest in hypercalcemia and typically resolve

with normalization of serum calcium levels.!4%!4”

Magnesium
Normal serum magnesium concentrations range between 2.06 and 2.33 mg/dL. Abnormal levels can be ranked as:
symptomatic hypomagnesemia (<1.22 mg/dL), asymptomatic hypomagnesemia (1.22—1.82 mg/dL), chronic latent
magnesium deficiency (1.82-2.06 mg/dL), asymptomatic hypermagnesemia (2.33—4.86 mg/dL) and symptomatic hyper-
magnesemia (>4.86 mg/dL).'*%!%°

There are no ECG changes typical of hypomagnesemia or hypermagnesemia. However, in some cases, hypomagne-
semia can be associated with shortened QRS interval (with a mean of 85 ms), a prolonged QTc interval (with a mean of
439 ms), tall T waves and downsloping ST segment, whereas in hypermagnesemia, prolonged PR interval and widened
QRS complexes can occasionally be seen. Hypomagnesemia is also implicated in the onset of supraventricular and
ventricular arrhythmias. Patients with lower serum magnesium concentrations (<1.9 mg/dL) have a higher risk of

developing atrial fibrillation compared to those with magnesium levels in the upper normal limit."**'*!

ECG Features in Anemia
Anemia, commonly associated with chronic diseases, stands as an independent risk factor for cardiovascular disorders.
Even a slight decrease in hemoglobin levels, by 1 g/dL, poses a significant risk for cardiac morbidity and mortality. The
electrocardiogram (ECQG) configuration is known to be influenced by anemia, with changes speculated to arise from an
imbalance between myocardial oxygen supply and demand. According to various studies, electrocardiographic abnorm-
alities in anemia lack specific features, with their prevalence ranging widely from 10% to 80%.'3*'%¢

Tachycardia and increased cardiac output are hyperdynamic conditions associated with decreased blood viscosity and
peripheral vasodilation, constituting some of the cardiovascular compensatory effects of anemia. Anemic individuals
show reduced basal parasympathetic outflow, leaving sympathetic activity unopposed and resulting in elevated heart rate.
Therefore, tachycardia in anemic patients may be caused by decreased basal parasympathetic output, leading to increased
cardiac output.'”’

There is a wide range of reports presenting varying perspectives on ECG changes observed in anemia.'>® Particularly
noteworthy are findings such as ST segment depression, T wave inversion, QT interval prolongation, and reduced QRS
complex amplitude.'>® The severity of anemia may correlate with alterations in the ECG.'®® In severe anemia, typified by
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hemoglobin levels below 6 g/d, ECG changes may disclose rightward T-wave axis shift, longer PR interval duration,
tachycardia and diminished QRS amplitude.'>* A lengthened QT interval duration above 450 ms, is a risk factor for
sudden cardiac death and ventricular arrhythmias. Hypoxia and reduced myocardial oxygen supply are likely the
pathophysiological links between anemia and extended QT intervals. In hypertensive patients, macrocytosis — a precursor
of anemia — and anisocytosis are similarly associated with protracted QT intervals. In non-pregnant females with severe
iron deficiency anemia, there were positive relationships between serum ferritin, hemoglobin, and QTc.'®!

In patients with coronary heart disease and anemia, Bindra et al documented both supraventricular (sinus tachycardia,
atrial premature contractions, and atrial fibrillation) and ventricular (ventricular premature contractions, ventricular
tachycardia, and ventricular fibrillation) arrhythmias. According to these authors, patients with reduced hemoglobin,
iron, and total iron-binding capacity were more likely to experience ventricular than supraventricular arrhythmias.'®*

The severity of anemia was influenced by both gender and age, with anemia becoming more severe with advancing
age and in female sex.'>*'%? Khatri et al demonstrated a substantial correlation between increasing heart rate and anemia
severity. The existence of ST segment abnormalities, T wave modifications, and a longer QT interval were all closely
correlated with the anemia severity.'*®

Multiple research efforts have demonstrated that anemia contributes to higher morbidity and death in patients over the
age of 70. Its prevalence rises with age, approaching 50% in chronically ill patients residing in nursing homes. The
capacity to recognize and track people at higher risk may be enhanced by the growing application of algorithms
generated by artificial intelligence. In a Korean retrospective study, the integration of a vast amount of electrocardio-

graphic data enabled the diagnosis of anemia beyond clinical assessment by the physicians.'>*

ECG Features in Pregnancy

While pregnancy is a physiological phenomenon, it exerts profound effects on all maternal body functions, particularly
leading to significant changes in the cardiovascular system. The circulatory variations and numerous physiological
adaptations during normal pregnancy often impact physical findings, occasionally resulting in misdiagnoses of heart
diseases. Additionally, pregnancy induces alterations in the ECG, which may be mistaken for cardiac abnormalities.-
164.165 Since the inception of electrocardiography, the impact of normal pregnancy on the ECG has been a subject of
considerable interest.'®®

Pregnant women had more prominent Q waves in leads II, III, and aVF, as well as T-wave abnormalities such as flat
and inverted T-waves in leads III, V1-V3. Given the significant variability of the ECG during normal pregnancy, the
clinical meaning of a change in the electrical axis of the heart, as well as Q wave and T-wave abnormalities, must be
regarded with caution.'®’

Variations in chamber size, particularly left atrial enlargement, can stretch and stress the cardiac conduction pathways,
predisposing to changes in heart rhythm. A common finding in such setting is supraventricular tachycardia and
ventricular ectopic complexes.?*'¢®

Arrhythmias may occur for the first-time during pregnancy or may either become more severe in women previously
diagnosed with arrhythmias.'®® Pregnancy-induced hemodynamic alterations have been thoroughly investigated, and
these changes are believed to contribute to the appearance of heart thythm abnormalities. The increase in intravascular
volume can beget overload of atrial and ventricular chambers and a transient increase in their size.'”®

Palpitations frequently occur during pregnancy and are a common reason for seeking consultation with a cardiologist.
They span a wide range of possible causes, and the diagnostic approach is the same regardless of pregnancy status.
Paroxysmal supraventricular tachycardia is a type of tachycardia caused, in most cases, by reentry within the atrioven-
tricular (AV) node or by the use of an accessory route. During pregnancy, focal atrial tachycardia is unusual. Although
frequently related with structural heart disease in nonpregnant women, most events of atrial tachycardia during
pregnancy have been documented in patients without evidence of structural heart disease.'”"

In pregnant women presenting with atrial fibrillation, it is recommended to conduct an ECG, electrolyte assessment,
urine drug screen, thyroid tests, and echocardiogram. Following rate control, the ECG can confirm the diagnosis of atrial

fibrillation and detect underlying conditions such as Wolff-Parkinson-White syndrome.'’*'7?
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While nonsustained ventricular arrhythmias affect up to 50% of pregnant women, the clinical risk is minor in people
with structurally normal hearts. Ventricular tachycardia (VT) has been reported in several cardiomyopathies during
pregnancy, including hypertrophic cardiomyopathy and arrhythmogenic right ventricular cardiomyopathy. In this group
of patients, ischemic cardiomyopathy is rare; however, myocardial infarction exacerbated by VT/ventricular fibrillation
with or without (coronary dissection, spasm) coronary artery disease has been documented. Peripartum cardiomyopathy,
arrhythmogenic right ventricular dysplasia, congenital long QT syndrome, hypertrophic cardiomyopathy, and, in rare
cases, coronary artery disease, including coronary artery spasm or abnormality, can all cause VT in a pregnant patient.'”*

If documentation of tachycardia is available on a tracing, it is often noticeable that the arrhythmia frequently begins
with a rapid prolongation of the PR interval. When P waves can be readily distinguished, the P wave axis is aberrant due
to retrograde atrial activation. On the ECG, this is commonly seen as a negative P wave axis with inverted P waves in
leads II, III, and aVF.'"®

Significant ST segment depression during tachycardia has been observed in 25 to 50% of patients with AV nodal
reentrant tachycardia (AVNRT), though it is more common in those with AV reentrant tachycardia associated with an
accessory pathway. T wave inversions in the anterior or inferior leads may be found in roughly 40% of patients after
acute termination of AVNRT and other paroxysmal supraventricular tachycardias.'’®

Women with long QT syndrome are predisposed to VT, particularly in the postpartum period. Pregnant women with
long QT syndrome should be treated with beta blockers throughout their pregnancy and after delivery.'”’

During the antepartum period, sinus bradycardia is rare. Normal pregnancy-related physiologic heart rate increases
range from 10 to 20 beats/min above baseline. Mild sinus bradycardia may develop transiently after normal delivery and
last for a few days postpartum. In the absence of structural cardiac disease, sinus bradycardia rarely causes symptoms and
requires no treatment.'”®

Women with structural heart disease, such as rheumatic or congenital heart disease, may experience first-degree AV
block. Transient AV block caused by elevated vagal tone is expected to be less common in pregnant women than in
nonpregnant women. It is unknown how common first-degree AV block is. The site of AV delay is usually located in the
atrioventricular node, above the bundle of His, and it rarely progresses to advanced heart block.'”®

Second-degree AV block can occur during pregnancy. Mobitz type I (Wenckebach) AV block is more prevalent and has a
better prognosis. As a result, a conservative clinical monitoring strategy is recommended. Mobitz Type II block, often
occurring below the AV node, may precede the development of complete infra-His AV block. It is rare during pregnancy and
more common in women with structural heart disease. AV block below the His bundle is typically associated with a very slow
or nonexistent ventricular escape rhythm, resulting in hemodynamic impairment and/or syncope.'”

Monitoring strategy. Women with first-degree AV block should get an electrocardiogram upon attending the clinic. They do
not require ambulatory ECG monitoring or telemetry during pregnancy or labor and delivery. Mobitz type II and total heart block
with narrow QRS must be managed individually, depending on the presence of structural heart disease and the patient’s clinical
condition. The frequency of ambulatory ECG monitoring is determined by the women’s symptom status and the underlying heart
problem. Women who have syncope and severe AV block should be admitted to the hospital for monitoring and evaluation for
pacemaker placement. Women with Mobitz type II or complete heart block should have continuous telemetry monitoring during
labor and delivery. Because some women may develop postpartum bradycardia, monitoring should be continued in the immediate
postpartum period while in the hospital. Ambulatory ECG monitoring is indicated after hospital discharge because some women
with newly detected conduction block in pregnancy may experience remission after labor. When reading an ECG of a pregnant
woman, one must be aware that at any stage of pregnancy, left axis deviation and tall Q waves are common findings, as opposed to
ectopic QRS complexes, which are infrequent. The obstetrician must ensure that the cardiac patient is properly monitored and that
the extra demands of pregnancy are fulfilled adequately in order to warrant a healthy heart status throughout pregnancy.'**'*! In
addition, specific ECG modifications occur in each trimester of pregnancy. During the first trimester, the following ECG
alterations are observed: PR interval: 0.12-0.18 seconds, QRS duration: 0.06-0.09 seconds, QTc: 396-440 ms, and P-wave
dispersion: 0—0.04 seconds. In the second trimester, the axis may be normal or exhibit left axis deviation, PR interval: 0.1-0.2
seconds, QRS duration: 0.06-0.09 seconds, QTc: 373—444 ms and P-wave dispersion: 0—0.04 seconds. Finally, during the third
trimester, the axis can similarly be normal or demonstrate left axis deviation, PR interval: 0.1-0.2 seconds, QRS duration:

0.06-0.09 seconds, QTc: 371-430 ms and lastly, P-wave dispersion: 0-0.04 seconds.'®*
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ECG Features in Coronavirus Disease 2019 (COVID-19)

COVID-19 originated in China and rapidly spread worldwide.'®* Since the initial documentation of the pandemic, a
considerable volume of data concerning the diverse implications of the disease has accumulated in medical literature.
Among the reported manifestations or complications in COVID-19 patients, cardiac arrhythmias are commonly observed.
In the ever-evolving landscape of COVID-19 research, one area that has captured the interest of medical professionals
and researchers alike is the analysis of ECG changes in patients infected by severe acute respiratory syndrome-related
coronavirus 2 (SARS-CoV-2) virus. This intriguing facet of the disease has shed light on its potential impact on the
cardiovascular system. ECG changes can be used to predict disease severity and outcomes as well as clinical course of
the disease. Also, it seems that the viral strain responsible for the infection is important regarding onset and evolution of
myocardial injury manifested in COVID-19,'83:184

One of the ECG changes in COVID-19 is known as transmural dispersion of repolarization of the left ventricle. This
ECG parameter represents the interval measured from the electrocardiographic T wave peak to its end (Tp-¢) and it has
been considered a better marker of repolarization disturbances and even myocardial fibrosis. Another ECG measurement
aimed at evaluating ventricular repolarization in COVID-19 is Tp-e/QTc ratio, which seems to be associated with
disorders of the conduction system. Both Tp-e¢ interval and Tp-e/QT ratio reflect phenomena related to ventricular
repolarization. A prolongation of the TpTe and an increase in TpTe/QT ratio in patients affected by COVID-19 may be
explained by the influence of endogenous and exogenous mediators over the M-cells, leading to disturbances in the
duration of their repolarization.'®>

In patients with mild and moderate COVID-19, a new bundle branch block or a change in QRS morphology and
amplitude secondary to changes in rhythm origin does not seem to correlate with in-hospital mortality. Conversely, other
authors suggested that in critically ill patients, the amplitude of the QRS complex appeared to be an independent
predictor of mortality.'%¢

Furthermore, a parameter known as index of cardiac electrophysiological balance (iCEB) serves as a useful,
innovative prognostic marker for arrhythmic events and cardiovascular complications. iCEB is determined by the ratio
of the QT interval to the QRS duration (QT/QRS), and when increased or decreased, it may raise the suspicion of a
disturbance in depolarization and/or repolarization. Such deviations pose a substantial risk of “torsades de pointes” or
ventricular tachycardia and fibrillation, accordingly.'®’

Cardiac arrhythmias during COVID-19 can be attributed to direct and indirect effects of the virus onto the cardiac
myocytes, leading to electrical disturbances that underlie the expression of various arrhythmias. Other possible explanations
for the myriad of cardiac arrhythmias related to COVID-19 lie in the myocardial stress caused by metabolic and electrolyte
abnormalities, as well as inflammation of cardiomyocytes, increased catecholamine release, and effects of hypoxia.'®

Increased QT interval longer than 120 ms is considered one of the major ECG changes in COVID-19. One of the
explanations for QT prolongation in patients with COVID-19 points towards the systemic inflammation that widens QTc
via cytokine-mediated effects on potassium channel expression, followed suit by prolongation of the action potential
leading to increased QTc interval. Furthermore, QT prolongation may be associated to the direct viral effect over the
myocardium, since some strains have reportedly been responsible for prolonging QT interval.'® A prolonged QT interval
may be a marker for mortality in COVID-19 patients. Abrahams et al found that patients who died from COVID-19 were
more likely to show prolonged QT interval at admission.'”® Hydroxychloroquine is also a well-known cause of QT
prolongation, presumably related to some deaths during the early times of the pandemic, when its widespread use had not
yet been doomed by evidence of harm. QT prolongation has also been associated with increased plasma levels of

troponin, COVID-19 severity, and higher mortality.'*!

192

QT prolongation may be observed in patients with COVID-19

regardless of the use of hydroxychloroquine.
Ventricular arrhythmias may occur in patients with COVID-19. They can be triggered and perpetuated by viral direct

myocardial damage, systemic endothelial dysfunction, inflammation, catecholaminergic response to stress, adverse

effects of various medications as well as deterioration of the underlying clinical condition.'”*

A Prolonged QRS interval could be explained by the active myocardial injury due to the penetration of SARS-CoV-2

in the cell and its multiplication. Though the exact mechanism is unclear, QRS prolongation may be due to direct
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cardiomyocyte infiltration by the virus, which in turn may disrupt the membrane gap junctions and foster conduction
system dysfunction. Moreover, cytokines may also play a key role in QRS prolongation due to their direct effect on
action potential duration.'®?

ST-T changes are common in COVID-19, reflecting myocardial injury through mechanisms such as direct viral
damage to cardiomyocytes and systemic inflammation. Studies by Angeli et al and Barman et al showed associations
between ST-T abnormalities, left ventricular hypertrophy, and the severity of COVID-19, indicating a potential prog-
nostic value.'?*'%>

New widespread concave ST elevation and PR depression in limb leads (I, II, III, aVL, aVF) may suggest COVID-19-
induced pericarditis, possibly mediated by the shifting of angiotensin-converting enzyme II receptors in epicardial fat.
Pericarditis could contribute to local inflammation and atrial fibrillation, although systemic inflammation and intoxication
in COVID-19 may independently trigger atrial fibrillation.'® "%

Cornell voltage, an indicator of left ventricular hypertrophy (LVH) can be determined by the sum of R wave in lead
aVL and S wave in lead V3. A sum greater than 28 mm in males or greater than 20 mm in females denotes LVH. In some
cases, Cornell voltage decrease is observed in COVID-19 patients. This change can be explained by the presence of
epicardial edema, pleural or pericardial effusions, and electrical and/or conduction disturbances associated with tachyar-
rhythmias during COVID-19.'%*

Other ECG changes such as atrial fibrillation, atrial flutter, sinus tachycardia and AV block were most frequently
found among hospitalized patients with COVID-19. The higher prevalence of atrial fibrillation and flutter may be
explained by the release of cardiac troponins reflecting cardiac injury, which in turn might exacerbate myocardial
electrical destabilization and ease re-entry mechanisms. Atrial flutter and fibrillation, as well as AV block and sinus
tachycardia, might also result from myocardial ischemia, left ventricular systolic and/or diastolic dysfunction, pulmonary
embolism, acute respiratory distress syndrome and even a direct action of the virus upon the conduction system.'®!'?

Supraventricular arrhythmias are also frequently documented in COVID-19 patients. A recent systematic review and
meta-analysis revealed a 10.3% prevalence of overall ECG abnormalities among COVID-19 patients. According to the
authors, the most commonly reported arrhythmias during hospitalization were supraventricular arrhythmias in 6.2%
followed by ventricular arrhythmias in 2.5% of patients.>*’

Sinus tachycardia, a very frequent ECG finding in COVID-19 may result from several stimuli, among which, higher
levels of stress imposed by viral toxins and sepsis, hypovolemia, pulmonary embolism, mechanical ventilation, and

psychological disturbances.'®!

Conclusions

Since most of the aforementioned diseases potentially impacting the ECG morphology are evaluated by non-cardiologist
physicians, there may be higher odds of misinterpretation of the ECG, even more so in the presence of non-specific
abnormalities. Although typical ECG findings are more likely to be promptly recognized, significant error rates involving
ECG analysis could lead to potentially devastating consequences.

This review emphasizes the multifaceted usefulness of the ECG, extending its significance beyond the diagnosis of
typical cardiovascular diseases. While there are ECG changes highly indicative of certain diseases, such as hyperkalemia,
the ECG may also present with various nonspecific findings in other conditions. It is crucial to acknowledge that these
patterns might be occasionally mistaken for more severe conditions, prompting the elaboration of a necessary and
adequate differential diagnosis. Such important examples are the presence of ST segment changes and T wave inversion,
which could mirror a variety of non-cardiac related disorders, as well as the presence of acute coronary syndrome or a
combination of both. A comprehensive understanding of potential mimics and similar patterns is essential for clinicians
across different specialties, in order to conduct proper and accurate investigations, to ensure precise diagnoses, and avoid
unnecessary downstream exams. Physicians must familiarize themselves with diverse ECG patterns, as this knowledge
proves beneficial not only for diagnosing cardiovascular conditions but also for managing a variety of other non-cardiac
diseases and potentially saving costs down the line.
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