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Abstract 
 

One of the technological sectors that has advanced and evolved the 

fastest in recent decades is echocardiography. As a non-invasive 

technique at a reasonable price, it also lends itself in the future to 

increasingly integrated use at the patient's bedside in any clinical 

approach situation, from emergencies to interventional 

environments, operating rooms, clinical routine, outpatient clinics, 

diagnostics, and monitoring of therapies. The equipment's 

downsizing will enable a deeper and more comprehensive 

integration with the clinical physical examination (clinical 

echocardiography), not only by cardiologists but also by the wide 

range of clinical specialties in medicine and surgery. 

This poses significant organizational and training issues to 

effectively incorporate multimodal imaging and ultrasound 

diagnostic techniques into the diagnostic and treatment paths of the 

various subspecialties. Additional developments in portable and 

miniaturized technologies are also required to achieve reliability at 

least on par with the highest level of equipment. This collaborative 

approach to multimodality imaging in cardiology may benefit from 

artificial intelligence. 
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INTRODUCTION: 

 

The development of electrocardiography, which was first documented by Waller in 1887 and made possible 

by Einthoven's research from its initial publication in 1901 until his discoveries were acknowledged and he 

was given the Nobel Prize in Medicine, can be considered the beginning of the field's first technological 

revolution. Electrocardiography has continued to advance, opening up new avenues for cardiological diagnosis, 

such as introducing contemporary sensors fitted into smartwatches (Baldassarre et al., 2022). 

In the first half of the 20th century, the development of cardiac imaging was able to distinguish between the 

initial straightforward use of radiographic and fluoroscopic studies for cardiological diagnosis, cardiac 

angiography, coronary angiography, and the various applications of ultrasound, nuclear medicine imaging, 

computed tomography, and magnetic resonance. This development can be seen as the second technological 

revolution in cardiology. Multimodal imaging is another revolution that has never ceased and is still going 

strong (Tzolos et al., 2022). 

 

M MODE ECHOCARDIOGRAPHY 

Due to its excellent temporal resolution and single scanning direction, the M-mode (motion mode) technology 

is still employed in addition to other ultrasound technologies. One ultrasonic beam may switch from 

transmitting to receiving reflected echoes on the order of a thousand times (cycles) per second. However, two-

dimensional (2D) images can only be displayed at the level of a few hundred per second. Therefore, if 

performed with appropriate methodology and standardization, the M-mode linear measurements thus obtained 

continue to represent an exact and reproducible measurement method, even in repeated examinations by 

different operators and other equipment (Patel, Fontana, & Ruberg, 2021). 

For example, in the surgical decision of valvular diseases, with respect to each patient's linear dimensions of 

the left ventricle. The most complicated volumetric parameters derived from 2D or 3D images with poorer 

temporal resolution present variability between exams and between operators because they employ calculation 

methods that even measurement errors or fluctuation. The operator's decision-making in each scenario is 

significantly more extensive and clinically constrained. From a historical perspective, Keidel first attempted to 

scan the heart and measure its volumetric fluctuations in 1950 by passing an ultrasonic beam through the thorax 

(Agha et al., 2019). 

But it wasn't until the groundbreaking research of two Swedes, Drs. Edler and Hertz were the first to employ 

the "ultrasonic reflectoscope" so that the heart could be thoroughly examined. As a technological foundation 

for later advancements, M-mode echocardiography enabled the initial studies of the anatomy and pathology of 

the heart and circulation. They presented a scientific film at the 3rd European Congress of Cardiology in Rome 

that detailed the ultrasound methods used to assess mitral stenosis, left atrial tumours, aortic stenosis, and 

anterior pericardial effusion. Colleagues from the United States Wild, Crawford, and Reid used the 

echocardiographic method to look at the heart outside the chest 1957 (Sennott & Ananthasubramaniam, 2021). 

Early American scholars first paid close attention to pericardial effusion. The investigation of the heart, aorta, 

heart valves, and their operation follows. Although the echocardiographic examination was still restricted to 

M mode, the 1973 publication of Harvey Feigenbaum's "Echocardiography" first edition gave the field a 

significant boost thanks to its wide distribution, knowledge of the physics of ultrasound, the exploration 

technique of the various cardiac structures, and the identification and functional evaluation of various cardiac 

pathologies, both congenital and acquired (Muscogiuri et al., 2022). 

M-mode echocardiography has become more used in Italy since the late 1960s. The Italian Society of 

Cardiovascular Ultrasound (SIEC) was established in Bologna in 1973 to create the social, intellectual, 

technological, and practical frameworks necessary for this novel approach's advancement and clinical use. On 

June 17, 1974, the SIEC was formally established, and Prof. Stefano Petralia served as its inaugural president. 

The first National Congress of Echocardiography was organized in 1974 (Ciampi et al., 2021; Citro et al., 

2020). 

 

From Two-Dimensional To Three-Dimensional Echocardiography 

The advent of 2D echocardiography, also known as "two-dimensional" or "transverse echocardiography," in 

the 1970s allowed for the expansion of M-mode echocardiography's capabilities, even though Wild and Reid 

had made the first attempts to use a "two-dimensional echoscope" as early as 1952. Cardiologists now utilize 

"phase array" probes instead of "linear array" probes because they can display an echocardiographic anatomical 

section as a fan in real-time. Having an approximate 1-2 mm spatial resolution. The probes are placed in the 

various intercostal spaces (also known as echocardiographic windows) during the parasternal and apical 

transthoracic approaches (Pergola et al., 2023). 
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New means of entry to the thorax, such as the subcostal or supraclavicular approach, have increased, enabling 

more thorough and broad imaging of the heart structures. In some circumstances, other auxiliary thoracic 

techniques, including the right parasternal and apical or the posterior or dorsal, have evolved through time into 

constructive research methods. 2D echocardiography marks a turning point and a significant technological 

advance in the advancement of echocardiography. Through the operator's expertise and anatomical-functional 

comparisons, the various 2D echocardiographic sections collected using multiple methods enable the creation 

of a virtual 3D depiction of the heart and its structures (Meel, 2020). 

The distinct "echocardiographic windows" are constrained by the existence of the ribs and the lung, which 

means that 2D echocardiography also has some limits. Both hinder the transmission and penetration of 

ultrasound, rendering some tissues, such as the heart's atria or posterior structures, blind or challenging to 

examine. Networks deep in the chest result in a reduction in image quality and spatial resolution. The rate of 

2D pictures might be decreased and affected by other clinical factors, such as obesity, pulmonary emphysema, 

lung disease, varied thoracic conformations, or even major thoracic trauma, making them subpar and 

occasionally unable to achieve diagnostic accuracy appropriate (Costantini et al., 2022). 

The development of 3D echocardiography results from technological advancement and clinical diagnostic 

requirements. It began with offline reconstructions of numerous different and complementary 2D images 

captured from successive cardiac cycles, then progressed to "real-time" until reaching so-called "live" 3D 

echocardiography, which enables the representation of 2D images in 3D concurrently with the acquisition. 

Currently, 3D images are obtained online and in real-time for a variety of conditions and pathologies under 

study, including congenital heart diseases, valvular heart disease, and cardiomyopathies, and also for a better 

cardiac approach to the patient, from ventricular volumes to systolic function of the left ventricle. Pre-, intra-, 

and postoperative stages of surgery (Malik et al., 2022). 

Though it offers more immediate and direct 3D spatial guidance, 3D echocardiography complements other 

ultrasound technologies rather than replacing them. This is because it does so at the expense of reduced 

temporal resolution, decreased spatial resolution, and decreased tissue characterization (Smiseth et al., 2022). 

 

Strain Imaging, Doppler Ultrasonography, And Stress Rate 

The morphology and morphofunctional characteristics of the heart can be studied using 2D and 3D 

echocardiography, but this technology cannot reveal the dynamics of intracardiac flows. Doppler ultrasound, 

also known as echo-Doppler, is a complementary technique that allows for the visualization and measurement 

of valve regurgitation and the possibility of studying intracavitary flows and measuring hemodynamic 

parameters like speed, direction, and flow regime. Based on the Doppler phenomenon (also known as the 

Doppler shift), which was first noticed by the Austrian Christian Johann Doppler (1803–1853) (De Lio et al., 

2023). 

Cardiologists measure the Doppler impact on the blood flowing through the heart. As blood flows toward the 

transducer, the frequency of ultrasound emitted by the device and reflected by the red blood cells they carry 

rises, and vice versa, as blood flows away. Because these frequency variations, also known as Doppler shifts, 

fall within the range of audible sound, they can be perceived as traces or spatial representations of the flow. 

Japanese scientist Satomura's attempt to investigate the heart's motion in 1956 is credited as the first use of 

Doppler ultrasound to research the organ. Doppler ultrasound was explicitly created to examine intravascular 

flows whose speed, strength, and direction were observed in Japan (Velaga et al., 2022). 

Using the modified Bernoulli equation, it is now possible to estimate intracavitary pressures and transvalvular 

gradients from the measurement of velocities. These measurements are closely correlated with those made 

inhumanely with cardiac catheterization. The development of Doppler techniques in the 1980s allowed for the 

visualization of blood flow, represented using colour maps in the context of 2D images or M-mode plots. While 

multiple colour brightness scales spatially represent the average flow velocity, red typically denotes the 

direction of flow approaching the transducer and blue the receding tip (Beltrami, Dei, & Milli, 2022). 

The introduction of the velocity variance representation, which determines a dispersion of colours when the 

flow exhibits a turbulent regime, also makes it feasible to distinguish between laminar and turbulent flow. One 

of the significant applications of echo-Doppler technologies in its various pulsed, continuous, and colour modes 

is evaluating valvular disease, which facilitates and improves the patient's ability to make clinical decisions. 

Every valve. Applied with the proper approach and standardization where necessary. Diastolic function, 

ventriculo-arterial coupling, non-invasive ultrasound hemodynamic evaluation using ultrasound, and vascular 

ultrasound are additional specific fields for echo-Doppler study in diverse disorders (Dorobantu et al., 2019). 

Since the late 1980s, researchers' focus has also broadened to include the study of the low-speed movements 

of the heart's valves and walls using Doppler ultrasound, which necessitates the use of specific and unique 

technologies. Of blood flows, using "low pass" filters that allow larger blood flow velocities to be blocked out. 
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This novel method, also known as tissue Doppler (DTI), "tissue speed imaging," or "Doppler myocardial 

imaging," allows for the measurement of the relative speeds of the various myocardial segments under 

pathological and ordinary circumstances, including those with global or segmental involvement, such as 

ischemic heart disease (Gupta-Malhotra, Schaaf, & Kutty, 2019). 

DTI technologies, which allow measuring the "strain" or systolic deformation of the myocardial segments and 

the "strain rate" or deformation rate of the same features, can also be used to quantify regional or zonal systolic 

function. However, like the Doppler approach, the DTI method for analyzing deformation and strain rate 

necessitates an ideal alignment of the ultrasound beam with the direction of the phenomena being examined. 

If not, the measurements might not be accurate. By eschewing the Doppler method and instead using software 

that directly analyzes the representation of the "motes" (reflective components of the myocardium) or set of 

pixels that create the 2D images of the myocardium), new technological advancements now make it possible 

to measure stress and strain rate (Lin et al., 2022). 

Follow the symbolic patterns of myocardial walls in grayscale or even 3D echocardiographic pictures between 

diastole and systole (speckle tracking). Using this technology, you can determine the myocardium's global or 

zonal, longitudinal, radial, and circumferential deformation values and its deformation rate. This approach 

appears to have great promise for population investigations, as it has the potential to detect subtle and early 

changes in both global and local systolic cardiac function. Its value in the daily decision-making procedures 

applied to each unique case in the broadest clinical circumstances is still debatable (Gudenkauf et al., 2022). 

 

Doppler Echocardiography, Two-Dimensional, And Three-Dimensional Echocardiography In 

Transesophageal Approach 

Transesophageal echocardiography, made possible by the probe's position in the esophagus, has created a new 

window for posterior heart vision, overcoming the drawbacks and restrictions of the transthoracic technique in 

both 2D and 3D echo. Since the transducer is closer to the heart from this vantage point, it can perform 

ultrasound operations at higher frequencies and with superior resolution. When 2D and then 3D echo and the 

use of transducers that can be positioned in various planes (biplanar and multiplanar) were introduced, 

transesophageal echocardiography launched in the M-mode version in the 1970s became widely used (Baggish 

et al., 2020). 

Due to the minor inconveniences associated with its semi-invasive nature, this method is only used in specific 

circumstances with predetermined indications, mainly when other transthoracic windows provide insufficient 

or conflicting information. This new technology is always viewed as a supplement to other ultrasonic 

techniques rather than a replacement (Meucci, Ancona, Sanz, & Zamorano, 2022). 

 

Intracavitary And Intracoronary Echocardiography, Contrast Ultrasound, And Interventional 

Echocardiography 

When Gramiak and Shah used the M-mode echocardiographic technique to visualize the aortic root by injecting 

indocyanine green into the left ventricle during cardiac catheterization, contrast echocardiography (or contrast 

echocardiography) was first developed. Initially, indocyanine green, saline solution, glucose solution, or the 

patient's blood were employed as contrast media. The suitable heart structures were obscured by injecting these 

contrast materials into a peripheral vein. When right-to-left shunts were present or when the opacifying 

chemical was injected directly into the left heart's bloodstream during cardiac catheterization, the left heart 

might be reached (Figure 1) (Young et al., 2023). 

These earliest medications relied on the microbubbles created when the drug was quickly given intravenously 

to achieve its contrast echo effect. However, the created microbubbles were frequently thick, irregular in size, 

unstable, and transient. Because of this, if they were injected into a peripheral vein, the pulmonary filter 

prevented them from entering the left circulation. Numerous studies and research projects enabled the gradual 

development of contrast agents with smaller, more uniform, and more stable microbubbles. These 

characteristics are required to overcome the pulmonary circulation and opacify the left ventricular cavity, 

ultimately facilitating perfusion (Chareonthaitawee & Gutberlet, 2023). 

This was made possible partly by the technological introduction of the second harmonic. Myocardial. It can 

also be seen. Our understanding of intracardiac, coronary, and vascular circulation, as well as the perfusion and 

microcirculation of myocardial tissue, has substantially increased thanks to this technique. It is now only used 

for specific indications and investigations since it is a sophisticated, "time-consuming" method with the 

potential for artifacts and technical and technological restrictions that limit its widespread usage in the clinic. 

Therapeutic and diagnostic disciplines (Marwick et al., 2022). 

The ability to position ultrasound transducers at the tip of catheters that can be inserted percutaneously (by 

puncturing a vein or artery) has also been made possible by the miniaturization of ultrasound transducers. These 



Journal of Advanced Zoology 
 

Available online at: https://jazindia.com 1135 

catheters are then guided along the vascular tree to the interior of the cardiac cavities and vessels, including the 

coronary arteries (intracardiac or intravascular ultrasound) (Rudzinski et al., 2022). 

 

 
Figure 1 shows a 68-year-old patient with dissection of the ascending aorta's M-mode echocardiography at 

the aortic level that was taken in the catheterization room during an aortography. The beginning of the manual 

injection of contrast medium (Renographin 76) is denoted in A and B by vertical arrows. The anterior false 

lumen (A.L.) in A and the posterior false lumen (P.L.) in B are separated by microbubbles. Aorta: (A); left 

atrium: (L.A.). 

 

This kind of technological development has also made it possible to apply infrared light sources at the tip of 

the catheters, enabling the creation of optical coherence tomography (OCT) images with a limited depth 

penetration capability but providing extremely detailed sectional images of the vessel and coronary walls, 

comparable to echocardiographic images. Another area of application for ultrasound in cardiology that is 

expanding continuously and exponentially is the guidance and assessment of procedures in interventional 

hemodynamics and cardiac surgery (Figures 2 and 3) (Alanís-Naranjo et al., 2023). 

 

In Various Clinical Diagnostic Circumstances And Pathological Conditions, Echocardiography 

The methodology of echocardiography includes the stratification of atherosclerotic risk, athletes, complications 

of myocardial infarction, stress echocardiography, valvular diseases, myocardial diseases, and the pericardium, 

among other physiological and pathological conditions (Evangelista et al., 2023). 

 

Anatomy-Functional Objective-Specific Echocardiography And Echocardioscopy Using Standard Or 

Miniaturized And Handheld Equipment 

Increasingly portable ultrasound machines have been created due to technological advancements and the 

gradual miniaturization of echocardiographic equipment. These machines can be used at the patient's bedside 

by anyone, not just cardiologists, to complete an objective clinical examination through a study quickly. 

Anatomical-functional focused, confined to particular cardiac chambers or components, and allowing the 

gathering of data that is frequently crucial for "clinical decision-making." Its extensive use is constrained by 

organizational and technological issues (Bois, Anand, & Anavekar, 2019). 

This is due to a variety of factors, including small screens with insufficient resolution, advanced ultrasonic 

techniques that are not always available on the specific device, challenges with recording and documenting 

images, integration challenges into clinical reports, a need for frequent in-depth analysis followed by a 

complete standard echocardiogram, a need for specialized training and organization of diagnostic and 

therapeutic procedures and protocols, and the possibility of a higher nadir (Mada, Mada, Stef, Molnar, & 

Rosianu, 2022). 

 

Cardiac Multimode Imaging 

The proliferation of imaging technologies has made it possible to delve into many anatomical-functional and 

cardiovascular pathological features, frequently providing information complementary to echocardiography in 

various cardiac diseases. Although these technologies, such as nuclear cardiology, cardiac magnetic resonance, 
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and computed tomography, are available, they are less widely dispersed throughout the territory. They are more 

difficult to access, even when they are, making them less useful, particularly in emergencies (Donal et al., 

2019). 

All of this has, up to now, encouraged the use of it that is not necessarily reasonable and appropriate, with a 

propensity toward overuse in institutions with particular programs, protocols, and organizational tools but also 

toward underuse in circumstances where it is unavailable or challenging to get, simply due to scheduling, 

seasonal, or vacation constraints. The challenges brought on by the requirement for multi-specialized training 

of new intermediate or hybrid professional figures between cardiology and radiology, outside of cardiology, 

are added to this. The co-responsible involvement of both professional figures in the creation and 

implementation of diagnostic protocols and in the interpretation and reporting of tests may provide a solution 

to this challenge (Anghel et al., 2020). 

Implementing this excellent possibility for a shared interdisciplinary approach to cardiovascular disorders in 

many institutions can be challenging. In this setting, artificial intelligence can help advance and solidify a 

cardiology imaging strategy that is becoming increasingly integrated (Galea et al., 2020). 

 

 
Figure 2 shows two-dimensional (A, E, I) and three-dimensional (other panels) transesophageal 

echocardiographic monitoring of a transcatheter mitral clip application process. The arrow in B points to the 

location where the catheter tip used to puncture the interatrial septum pushes into the oval fossa, taking on the 

shape of a tent. The arrow in C denotes the separation between the mitral valve (MV) and the tenting (T). D 

illustrates the guidewire passing through the atrial septum (AIS). In E and F, the guiding catheter is displayed. 

The clip delivery system (red arrow) is directed at the mitral valve in panels G–N. The clip appears closed in 

M, and in N, it is open (Maloku et al., 2023). 

 

 
Figure 3 shows the placement of a percutaneous mitral prosthetic ring (Valtech Cardioband System) followed 

by a fluoroscopic inspection (top) and a three-dimensional transesophageal echo (middle and bottom left). To 
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achieve the native mitral annulus' ideal dimensions for a decrease in mitral regurgitation, as shown by the 

colour Doppler (bottom right), the stepwise implantation of the prosthetic ring anchors is underlined 

(Ranganath et al., 2020). 

 

CONCLUSIONS: 

 

One of the technological sectors that has advanced and evolved the fastest in recent decades is 

echocardiography. It is also appropriate for the future because it is a non-intrusive and reasonably priced 

method from emergencies, intervention settings, operating rooms, clinical routine, outpatient consultations, 

diagnosis, prognosis, and therapy monitoring to an increasingly integrated clinical use at the patient's bedside. 

It also lends itself to a deeper and more complementary integration with the objective clinical examination 

(clinical echocardiography), not just by the cardiologist but also by the variety of medical and surgical clinical 

specialties, thanks to the equipment's ongoing miniaturization. 

This poses significant organizational and training problems to effectively incorporate multimodal imaging and 

ultrasound diagnostic tools into the various specialized diagnostic and therapy paths. Miniaturized and portable 

technologies also need to keep developing to reach a degree of dependability equal to that of mobile devices. 

Several premium standard products. The multidisciplinary approach to multimodal imaging in cardiology will 

benefit from using artificial intelligence in this scenario. 
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