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Abstract.For over a century, the 12-lead electrocardiogram (ECG) has served
as the fundamental diagnostic tool in cardiology for assessing the electrical activity
of the myocardium. However, traditional ECG interpretation is limited to visual
changes detectable by the human eye, frequently missing cellular-level and early
structural micropathologies. In recent years, the integration of Convolutional Neural
Networks (CNN) and Deep Learning algorithms has transformed the ECG from a
simple diagnostic image into a powerful predictive tool. This article aims to
illuminate the key pathophysiological mechanisms of Al-assisted ECG analysis, its
high sensitivity in detecting asymptomatic pathologies, and the clinical advantages

and iatrogenic risks associated with this technological innovation.

Introduction: In classical cardiology, the ECG depicts the real-time electrical
state of the myocardium — specifically, the processes of depolarization and
repolarization. Physicians typically look for pathological changes in the P wave,
QRS complex, ST segment, and T wave. However, early systemic myocardial
changes — such as latent microfibrosis, ion channel dysfunction at the cell
membrane level, or early hypertrophy — can produce deviations in the ECG
recording at only the millisecond and microvolt scale. The human visual and
cognitive apparatus is not capable of processing such complex mathematical
relationships. Aurtificial intelligence, having been trained on vast databases of

millions of ECG recordings, is capable of decoding these hidden
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electrophysiological signals — and with this capability, it has introduced an entirely

new paradigm in early diagnosis and preventive medicine in cardiology.
Detection of Asymptomatic Left Ventricular Systolic Dysfunction

A decline in the heart's pumping function — for example, a significant reduction in
ejection fraction (EF < 35%) — often remains asymptomatic for a long period,
potentially first presenting as an episode of acute heart failure. Typically,
echocardiography (Echo) is the gold standard for identifying this condition.
However, large studies conducted by the Mayo Clinic found that Al algorithms can
detect standard left ventricular systolic dysfunction with remarkable accuracy,
achieving an Area Under the Curve (AUC) of 0.93 [1]. The pathophysiological basis
for this is Al's ability to detect imperceptible shifts along the QRS axis, micro-
oscillations during ventricular depolarization, and subtle changes in R-wave
amplitude. Neural networks synthesize these invisible parameters to draw precise

conclusions about ventricular wall contractility.
Detection of Atrial Fibrillation During Normal Sinus Rhythm

Atrial fibrillation (AFib) often has a paroxysmal character, meaning the ECG taken
at the time of the patient's clinic visit may show entirely normal sinus rhythm. This
is a serious clinical problem, as AFib is one of the leading causes of ischemic stroke.
According to a study published in The Lancet, an Al algorithm successfully
predicted the probability of an AFib episode occurring within the next 30 days —
based on an ECG showing normal sinus rhythm — with 87% accuracy [2]. This is
specifically based on the structural and electrical remodeling of the atria that occurs
before the onset of AFib. Al algorithms detect subclinical anomalies and millisecond
delays in P-wave morphology, thereby identifying latent fibrosis and reduced
conductivity. As a result, this enables early initiation of anticoagulant therapy in

high-risk patients, proving beneficial in preventing numerous ischemic strokes.

Electrolyte Imbalance and Early Repolarization Anomalies
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Potassium homeostasis plays a major physiological role in maintaining phase 3
(repolarization) of the action potential in myocardial cells. In classical medicine,
hyperkalemia appears on the ECG as peaked, symmetrical T waves and a widened
QRS complex. However, these overt changes only appear when blood potassium
levels reach an extremely high and dangerous threshold. The significant value of Al
IS that it can detect early anomalies in the repolarization gradient long before these
classical signs appear. For example, in patients with chronic kidney disease, non-
invasive monitoring of electrolyte imbalance using Al plays an important role in

preventing life-threatening complications such as sudden ventricular fibrillation [4].
Clinical Advantages and Screening Opportunities

The greatest clinical achievement of neural networks in cardiology is their ability to
rule out pathology. Thanks to Al's high Negative Predictive Value (NPV), if the
system confirms the absence of structural cardiac pathology via ECG, physicians
can confidently cancel unnecessary and expensive instrumental examinations (such
as Echo). Furthermore, the emergence of smartwatches and portable ECG devices
has made it possible to conduct mass and remote population screening. These
technologies continuously monitor populations in real time and successfully record
thousands of transient ischemic and arrhythmic events that would otherwise remain

asymptomatic.
Clinical limitations of artificial intelligence and iatrogenic risks

Despite the undeniable benefits of this technological revolution, artificial
intelligence is not completely perfect and can pose specific risks in clinical practice.
For example, one of the most important is the '‘Black Box' phenomenon [5]. In this
case, the Al algorithm cannot explain to the doctor how a diagnosis was made or
which specific pathophysiological principle it relied on. This lack of transparency
clearly creates distrust between the medical professional and the technology. In
addition, false positive results can also pose serious problems. For example, data

from the Apple Heart Study, which included over 400,000 participants, showed that
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only 34% of individuals who received an arrhythmia notification from a smart device
actually had clinically confirmed AFib [3]. For the majority of healthy individuals,
this algorithmic error led to unwarranted psychological stress (iatrogenesis),
unnecessary emergency department visits, and economically inefficient diagnostic

procedures.

Conclusion: In conclusion, artificial intelligence has fundamentally
transformed the capabilities of electrocardiography — from a low-cost diagnostic
tool into a powerful means of identifying complex cardiovascular diseases. Of
course, Al algorithmic analysis cannot replace objective clinical assessment of the
patient, a thoroughly gathered medical history, and fundamental medical reasoning.
In the medicine of the future, artificial intelligence will not fully replace
cardiologists; rather, specialists who master the critical and correct application of

these Al tools will inevitably surpass those who reject them.
References:

1. Attia, Z. 1., Kapa, S., Lopez-Jimenez, F., McKie, P. M., Ladewig, D. J., Satam,

G., ... & Friedman, P. A. (2019). Screening for cardiac contractile dysfunction

using an artificial intelligence—enabled electrocardiogram. Nature Medicine,
25(1), 70-74.

2. Attia, Z. I., Noseworthy, P. A., Lopez-Jimenez, F., Asirvatham, S. J.,
Deshmukh, A. J., Gersh, B. J., ... & Friedman, P. A. (2019). An artificial

intelligence-enabled ECG algorithm for the identification of patients with

atrial fibrillation during sinus rhythm: a retrospective analysis of outcome
prediction. The Lancet, 394(10201), 861-867.

3. Perez, M. V., Mahaffey, K. W., Hedlin, H., Rumsfeld, J. S., Garcia, A., Ferris,
T., ... & Turakhia, M. P. (2019). Large-scale assessment of a smartwatch to
identify atrial fibrillation. New England Journal of Medicine, 381(20), 1909-
1917,

4. Galloway, C. D., Valys, A. V., Shreibati, J. B., Treiman, A. H., Rooney, M.
R., Raymond, C., ... & Albert, D. E. (2018). Development and validation of a

Cyberlininka.ru



file:///C:/Users/gregb/Downloads/Telegram%20Desktop/Marjona.docx
file:///C:/Users/gregb/Downloads/Telegram%20Desktop/Marjona.docx
file:///C:/Users/gregb/Downloads/Telegram%20Desktop/Marjona.docx
file:///C:/Users/gregb/Downloads/Telegram%20Desktop/Marjona.docx
file:///C:/Users/gregb/Downloads/Telegram%20Desktop/Marjona.docx
file:///C:/Users/gregb/Downloads/Telegram%20Desktop/Marjona.docx
file:///C:/Users/gregb/Downloads/Telegram%20Desktop/Marjona.docx
file:///C:/Users/gregb/Downloads/Telegram%20Desktop/Marjona.docx
file:///C:/Users/gregb/Downloads/Telegram%20Desktop/Marjona.docx

Cyberlininkatnu Science and Innovation Vol. 6 No.2(2026)

deep-learning model to screen for hyperkalemia from the electrocardiogram.
JAMA Cardiology, 3(5), 428-436.
5. Costello, B. T., & O'Brien, R. M. (2020). The limits of Al in ECG

interpretation: The black box and the false positive. Journal of the American

College of Cardiology.

Cyberlininka.ru


file:///C:/Users/gregb/Downloads/Telegram%20Desktop/Marjona.docx
file:///C:/Users/gregb/Downloads/Telegram%20Desktop/Marjona.docx
file:///C:/Users/gregb/Downloads/Telegram%20Desktop/Marjona.docx

