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Abstract 

The electrocardiogram (ECG) is a fundamental diagnostic tool in clinical medicine, providing 

critical insights into the electrical activity of the heart. This review critically examines the 

procedure for recording an ECG and its clinical applications in diagnosing and managing 

cardiovascular disorders. The ECG procedure involves placing electrodes on specific 

anatomical landmarks to capture the heart's electrical signals, which are then represented 

graphically as waveforms corresponding to the cardiac cycle. Each component of the ECG 

trace—P wave, QRS complex, T wave, and intervals—offers valuable information about atrial 

and ventricular activity, conduction pathways, and overall cardiac function. 

Clinically, ECG is indispensable for detecting arrhythmias, ischemic changes, electrolyte 

imbalances, and structural abnormalities. This review explores the significance of precise 

electrode placement, proper patient preparation, and systematic waveform interpretation in 

ensuring accurate diagnosis. Furthermore, it discusses the role of advanced ECG techniques, 

such as Holter monitoring and stress testing, in specialized clinical settings. Challenges in 
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ECG interpretation, including artifact recognition and variability in presentation, are also 

addressed. 

This critical review underscores the importance of ECG as a non-invasive, cost-effective, and 

widely accessible diagnostic tool. It highlights the need for continuous advancements in 

technology and clinician expertise to enhance the accuracy and utility of ECG in 

contemporary medical practice. 

Keywords- Electrocardiogram (ECG), Cardiac Electrical Activity, ECG Waveforms, 

Arrhythmia Diagnosis, Ischemic Heart Disease, Electrode Placement 

 

Introduction 

The electrocardiogram (ECG) is one of the most widely used diagnostic tools in clinical 

medicine, providing a non-invasive means to assess the electrical activity of the heart. It plays 

a pivotal role in diagnosing a wide range of cardiac conditions, including arrhythmias, 

myocardial ischemia, electrolyte imbalances, and structural abnormalities. The ability of the 

ECG to capture and represent the heart's electrical impulses as waveforms has made it an 

indispensable tool in routine check-ups, emergency care, and specialized cardiology settings. 

The ECG procedure involves the placement of electrodes on specific anatomical sites to 

record the heart’s electrical activity. These electrodes detect changes in electrical potential 

generated by cardiac depolarization and repolarization, producing a trace that includes key 

components such as the P wave, QRS complex, and T wave. Each of these elements 

corresponds to specific phases of the cardiac cycle, providing clinicians with critical insights 

into heart rate, rhythm, and conduction pathways. 

Despite its simplicity, the ECG requires careful adherence to procedural protocols, including 

proper electrode placement and patient preparation, to ensure accuracy. The interpretation 

of ECG waveforms demands a systematic approach, as variations in amplitude, duration, and 

morphology can indicate pathological changes. Moreover, advanced techniques such as 

Holter monitoring and stress testing extend the utility of ECG in detecting transient or 

exercise-induced abnormalities, further enhancing its clinical value. 

This review aims to critically examine the ECG procedure, its interpretation, and its clinical 

applications. By addressing both the strengths and limitations of this diagnostic modality, the 

review highlights the essential role of ECG in contemporary medical practice and the ongoing 

need for advancements in technology and expertise to maximize its diagnostic potential. 
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Material and Method 

This critical review was conducted through an extensive examination of literature on the 

procedure, interpretation, and clinical applications of electrocardiography (ECG). Data 

sources included peer-reviewed journals, textbooks on cardiovascular physiology and 

clinical medicine, and guidelines from professional organizations such as the American Heart 

Association (AHA) and European Society of Cardiology (ESC). Online databases such as 

PubMed, Scopus, and Google Scholar were used to search for articles using keywords like 

“ECG procedure,” “electrode placement,” “ECG interpretation,” and “clinical applications of 

ECG.” 

The review focused on studies and guidelines that detail the standard protocols for ECG 

recording, including electrode placement and patient preparation, as well as methodologies 

for interpreting ECG waveforms. Specific attention was given to the diagnostic value of the 

ECG in detecting arrhythmias, ischemic changes, electrolyte imbalances, and other cardiac 

abnormalities. Secondary research included an analysis of advanced techniques such as 

Holter monitoring and stress testing to provide a comprehensive overview of the topic. 

The methodology emphasized qualitative analysis to synthesize current knowledge and 

critically evaluate advancements in ECG technology, challenges in interpretation, and clinical 

implications. Studies highlighting both the strengths and limitations of ECG in various clinical 

scenarios were included to provide a balanced perspective. This integrative approach aims 

to offer a thorough understanding of ECG as a diagnostic tool in modern medicine. 

Concept of ECG and Clinical Procedure and Examination 

The electrocardiogram (ECG) is a diagnostic technique used to record and interpret the 

heart's electrical activity over time. It works on the principle of detecting and amplifying the 

electrical signals generated during the cardiac cycle, including depolarization and 

repolarization of the atria and ventricles. These electrical impulses, captured by surface 

electrodes placed on the skin, are graphically displayed as waveforms. The standard ECG 

provides a comprehensive view of the heart's electrical function, offering critical insights into 

rhythm, conduction, and structural integrity. 

Clinical Procedure of ECG 

1. Preparation: 

• Ensure the patient is comfortable, lying in a supine position. 
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• Skin at electrode sites should be cleaned to reduce impedance, often by 

removing excess hair or cleaning with alcohol swabs. 

2. Electrode Placement: 

• Limb Leads: Four electrodes are placed on the limbs (right arm, left arm, right 

leg, and left leg) to record bipolar and augmented unipolar leads. 

• Chest Leads: Six precordial electrodes (V1–V6) are placed on specific 

anatomical landmarks on the chest to provide a detailed view of horizontal 

plane activity. 

3. Recording: 

• Leads are connected to an ECG machine, which records electrical signals from 

different angles, producing a 12-lead ECG. 

• The patient is instructed to remain still and breathe normally during the 

recording to avoid artifacts. 

4. Waveform Components: 

• P Wave: Reflects atrial depolarization. 

• QRS Complex: Represents ventricular depolarization. 

• T Wave: Indicates ventricular repolarization. 

• Intervals: PR, QRS, and QT intervals provide insights into conduction 

pathways and durations. 

Clinical Examination through ECG 

1. Heart Rhythm and Rate: 

• Regularity and frequency of the heartbeats are assessed using the R-R interval 

and heart rate. 

2. Conduction Abnormalities: 

• Blocks or delays in electrical conduction, such as atrioventricular (AV) block or 

bundle branch block, are identified by examining intervals and wave 

morphologies. 

3. Ischemic Changes: 

• ST-segment elevation, depression, or T-wave inversions indicate myocardial 

ischemia or infarction. 
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4. Arrhythmias: 

• Variations in rhythm, such as atrial fibrillation, ventricular tachycardia, or 

premature contractions, are analyzed. 

5. Electrolyte Imbalances: 

• Changes in potassium or calcium levels are reflected in alterations in the T 

wave and QT interval. 

6. Structural Abnormalities: 

• Enlargement or hypertrophy of cardiac chambers is inferred from deviations 

in voltage and axis. 

Advanced Techniques 

1. Holter Monitoring: 

• Continuous ECG recording for 24-48 hours to detect transient arrhythmias or 

ischemic episodes. 

2. Stress Testing: 

• ECG performed during physical exertion to evaluate exercise-induced 

abnormalities. 

3. Signal-Averaged ECG: 

• Enhances detection of subtle abnormalities that may predispose to 

arrhythmias. 

The ECG procedure and its clinical examination provide a comprehensive and non-invasive 

method to assess cardiac function, making it a cornerstone of diagnostic cardiology. 

Discussion 

The electrocardiogram (ECG) remains one of the most reliable and widely used diagnostic 

tools in clinical medicine for evaluating the electrical activity of the heart. Its simplicity, non-

invasiveness, and cost-effectiveness make it indispensable in various healthcare settings, 

from routine check-ups to emergency diagnostics. The ability to capture and interpret 

waveforms corresponding to different phases of the cardiac cycle provides valuable insights 

into heart rate, rhythm, and conduction pathways, offering a direct window into cardiac 

health. 
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A key strength of the ECG is its capacity to detect arrhythmias, ischemic changes, and 

conduction abnormalities. Conditions such as atrial fibrillation, myocardial infarction, and 

heart blocks can be identified with precision by analyzing waveforms, intervals, and 

segments. Additionally, the ability of ECG to detect electrolyte imbalances and structural 

abnormalities like ventricular hypertrophy demonstrates its broad clinical utility. Advanced 

techniques like Holter monitoring and stress testing further enhance its diagnostic scope by 

identifying transient or exertion-induced abnormalities that may not be evident in a standard 

resting ECG. 

Despite its utility, the accuracy of ECG interpretation relies heavily on procedural adherence 

and clinical expertise. Proper electrode placement and patient preparation are critical to 

minimizing artifacts and ensuring reliable readings. Challenges such as motion artifacts, 

interference from external devices, and atypical waveform presentations can complicate 

interpretation. Moreover, while ECG is a powerful screening tool, it has limitations in 

detecting structural abnormalities like valve disorders or congenital defects, often requiring 

complementary imaging modalities. 

The integration of digital technology and artificial intelligence (AI) in ECG analysis has 

significantly advanced its diagnostic capabilities. Automated algorithms for detecting 

arrhythmias and predicting cardiovascular risk factors have improved accuracy and 

efficiency in clinical settings. However, clinical judgment remains paramount, as reliance on 

automated systems can sometimes lead to false positives or missed diagnoses. 

In conclusion, the ECG continues to play a pivotal role in modern cardiology, providing 

critical insights into cardiac function. Its evolving applications, coupled with technological 

advancements, highlight its relevance in contemporary medicine. Continuous efforts to 

enhance clinician training, improve procedural accuracy, and integrate advanced 

technologies will further strengthen its diagnostic value, ensuring better outcomes for 

patients with cardiovascular diseases. 

Conclusion 

The electrocardiogram (ECG) is a cornerstone of cardiovascular diagnostics, providing a 

reliable, non-invasive, and cost-effective method for assessing the electrical activity of the 

heart. Its ability to detect a wide range of cardiac abnormalities, including arrhythmias, 

ischemic changes, conduction blocks, and electrolyte imbalances, underscores its clinical 

significance. The simplicity of the ECG procedure, combined with its diagnostic precision, 
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makes it an indispensable tool in both routine and emergency medical care. While the ECG 

has certain limitations, such as sensitivity to artifacts and the need for complementary 

imaging in structural evaluations, advances in technology and clinical expertise have 

continually expanded its utility. Innovations such as Holter monitoring, stress testing, and AI-

driven analysis have enhanced the accuracy and efficiency of ECG interpretation, ensuring 

better diagnostic and therapeutic outcomes. In summary, the ECG remains a vital diagnostic 

tool in modern medicine. By maintaining procedural accuracy, leveraging technological 

advancements, and fostering clinician expertise, its potential to improve cardiovascular 

health outcomes can be maximized, making it a critical component of comprehensive patient 

care. 
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