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ABSTRACT 
Background: The cardiovascular diagnostic landscape is rapidly evolving, with novel and advanced techniques and 
technologies continually emerging. Detection, monitoring, and management of cardiovascular diseases (CVDs) are 
quickly changing, which are leading mortality cause globally. Objective: This review aims to provide a comprehensive 
and up-to-date assessment of the current cardiovascular diagnostic modalities. It seeks to elucidate novel and promising 
technologies, address their advantages, limitations, and potential integration into clinical practice. Methods: This 
literature review discusses the recent cardiovascular diagnostics which were obtained from various sources such as 
PubMed, EMBASE, and Web of Science for articles published in the last decade. Results: The review identified vital 
emerging frontiers in cardiovascular diagnosis, including advancements in multi-modal imaging (such as PET-MRI), 
novel biomarkers, artificial intelligence applications, and the growing utility of wearable and remote monitoring 
technologies. Conclusion: Emerging techniques integration inroutine clinical practice requires careful consideration of 
their advantages and potential for improving patient outcomes. The review highlights the pressing need for continued 
research and guideline to ensure these innovations realize their full potential for the future of cardiovascular medicine. 
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INTRODUCTION 

In the rapidly advancing healthcare field, 
cardiovascular diagnostics stands at the forefront. 
These diagnostic procedures are more than essential; 
they're a lifeline, providing in-depth insights into the 
heart's electrical activity, heartbeat rhythm, blood 
flow, and the heart's chambers and valves' 
functionality.1 Heart diseases such as coronary 
artery disease, angina pectoris, arrhythmia, or 
cardiomyopathy are fatal and lead to sudden death.2 
The earliest diagnosing tools in cardiology were 
rudimentary yet groundbreaking for their time.The 
stethoscope invention in the early 19th century by 
René Laennec allowed physicians to auscultate heart 
sounds, diagnosing heart murmurs and 
abnormalities.3 Subsequently, the development of 
the mercury-based sphygmomanometer in the mid-
19th  century by Samuel Siegfried Karl Ritter von 
Basch facilitated blood pressure measurement, 
aiding in the assessment of hypertension and 
cardiovascular health.4 

Cardiovascular diseases (CVDs) constitute a 
global health crisis remaining the leading death 
cause worldwide. The statistics revealed an 
estimated 17.9 million people died from CVDs in 
2019, representing 32% of all global deaths with 
CVD. Of 17.9 million deaths, 85% are attributed to 

heart attacks and strokes. Tragically, over three-
quarters of CVD deaths occur in low- and middle-
income countries.8 In 2019, CVDs were responsible 
for 38% of the 17 million premature deaths (under 
70) due to noncommunicable diseases9. The United 
States faces a similarly severe challenge with CVD, 
accounting for 928,741 deaths in 2020 alone. The 
direct and indirect costs of total CVD between 2018 
and 2019 amounted to $407.3 billion, comprising 
$251.4 billion in direct costs and $155.9 billion in 
lost productivity/mortality.10 A breakdown of the 
statistics reveals that, in the United States in 2020, 
coronary heart disease (CHD) was the leading cause 
of deaths attributable to CVD at 41.2%, followed by 
stroke at 17.3%, other CVD at 16.8%, high blood 
pressure at 12.9%, heart failure at 9.2%, and diseases 
of the arteries at 2.6%.10-11 

The early 20th century witnessed the 
introduction of the electrocardiograph (ECG) by 
Willem Einthoven, which recorded the heart's 
electrical impulses and offered insights into cardiac 
rhythm and abnormalities.5 As technology advanced, 
X-rays became valuable for visualizing the heart's 
size and shape, and angiography allowed 
visualization of coronary arteries to detect 
blockages. Cardiac catheterization, pioneered by 
Werner Forssmann in 1929, facilitated direct access 
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to the heart's chambers for pressure measurements 
and blood sampling.6 These early tools formed the 
foundation for the evolution of cardiology 
diagnostics, leading to advanced imaging 
techniques, noninvasive tests, and genetic 
diagnostics in modern cardiology practice. The 
conventional standard imaging techniques include 
echocardiogram via ultrasound, MRI, x-ray, 
computed tomography (CT), catheterization, and 
nuclear scans.7 Behavioral risk factors such as 
tobacco use, unhealthy diet, obesity, physical 
inactivity, or over-alcohol consumption contribute to 
cardiac problems. It is essential to detect 
cardiovascular disease as early as possible so that 
management with counseling and medicines can 
begin.8 

 
RESULTS 
Latest Innovations in Cardiovascular Imaging 
Technique 

Stress Echocardiography, from the 1980s, 
allowed evaluation under physical or chemical 
stress, though it also presented challenges in image 
quality. Lastly, 3D Echocardiography, emerging in 
the 2000s, revolutionized detailed structural 
assessments but relies heavily on advanced 
equipment and patient anatomy.12  

Echocardiography, a mainstay in cardiac 
diagnostics, has experienced a paradigm shift over 

the past decade, advancing from traditional M-mode 
and 2-dimensional Echocardiography (2DE) to state-
of-the-art 3-dimensional echocardiography (3DE).13 
With the integration of RT3DE in managing valvular 
heart diseases, the future of echocardiography 
promises even more refined diagnostics, set to 
become more ingrained in clinical guidelines and 
practice.14 Three testing procedures in 
Echocardiography are Transthoracic Echo (TTE); 
external imaging of the heart, Transesophageal Echo 
(TEE); through the esophagus for a closer heart 
view, and Stress Echocardiography which evaluates 
heart function under stress.15 Traditional 2DE had 
limitations, such as without 3D spatial coordinates 
and geometric assumptions.16 Early comparisons 
established 3DE's superior accuracy in determining 
left ventricular volumes and ejection fractions versus 
conventional 2DE. Over the past 25 years, 3DE's 
utility in cardiovascular medicine expanded. Its 
versatility was unrivaled, from precise 
measurements of heart volumes, ejection fractions, 
and mass to pre-, intra-, and post-operative 
evaluations.18 In the future, Anticipated 
enhancements in 3DE will hopefully comprise 
transducer technology improvements, superior 
temporal/spatial resolution, software advancements, 
and standardization across vendors. Fusion imaging, 
merging RT3DE with other modalities, is envisioned 
to elevate cardiac diagnostics further.19 

 
 

Table 1. Echocardiography Techniques 
Name Year 

Introduced 
Description Clinical 

Relevance 
Advantage Limitations 

Stress 
Echocardiography 

1980s TTE under 
physical/chemical 
stress 

Evaluates cardiac 
function under 
stress; ischemia 
detection 

Provides functional 
info; no radiation 

Requires patient 
exertion or 
medication; image 
quality varies 

3D 
Echocardiography 

2000s Three-
dimensional 
echocardiographic 
imaging 

Detailed structural 
assessment; 
valvular 
assessments 

Enhanced 
visualization; aids 
in surgical planning 

Requires advanced 
equipmen; quality 
depends on patient 
anatomy 
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Table 2. Spectral CT (Computed Tomography) technologies 
Name Year Description Clinical Relevance Advantage Limitations 

Total Body CT 1980 Scans entire 
body with CT 

Detects cardiac and 
extracardiac 
anomalies; often 
used in trauma 

Offers a comprehensive 
overview; detects 
unrelated potential 
issues 

Higher radiation 
dose; is not always 
necessary for 
specific issues 

Coronary CT 2004 Focuses on 
coronary 
arteries 

Noninvasive 
coronary 
angiography; 
detects coronary 
artery disease 

Can visualize coronary 
blockages non-
invasively; less risk 
than catheter 
angiography 
 

Requires contrast; 
can't quantify 
blockage severity as 
FFR 

Iterative 
Reconstruction 

2015 The improved 
image 
reconstruction 
method 

Enhances CT image 
quality; used across 
all CT applications 

Reduces radiation; 
offers more explicit 
images with fewer 
artifacts 

Relies on modern 
hardware and 
software, which 
may slow down 
some scans 
 
 

PCCT CT 
Perfusion 

2015 Assesses blood 
flow in the 
myocardium 

Evaluates areas of 
reduced blood flow, 
aiding in ischemia 
detection 

Highlights viable vs. 
non-viable 
myocardium; functional 
assessment 
 

Still relatively new; 
long-term data 
might be limited 

Epicardial 2020 Focuses on 
epicardial 
region 

Evaluates epicardial 
fat, a potential 
marker for coronary 
artery disease 

New insights into 
cardiac risk via 
epicardial fat 

Focused view; 
doesn't replace a 
comprehensive 
cardiac assessment 

 
CT scanning was first introduced in 1970 for 

cardiac and thoracic imaging. However, its exposure 
to ionizing radiation remains a significant limitation. 
Total Body CT was introduced in the 1980s, which 
offered a comprehensive overview of potential 
issues, but its higher radiation dose raises concerns. 
PCCT CT Perfusion (2015) is a valuable method for 
assessing blood flow in the myocardium but requires 
further long-term data. Lastly, the Epicardial (2020) 
technique offers new insights into cardiac risk via 
epicardial fat but doesn't replace comprehensive 
cardiac assessment and maintains a more focused 
view.20 

Spectral CT has emerged as a cutting-edge 
technique, providing superior contrast resolution, 
facilitating a more precise differentiation between 
various tissues and blood flow, and enhancing 
diagnostic accuracy. Coronary CT Angiography 
(CCTA) involves injecting a contrast dye followed 
by imaging to visualize the heart vessels. Coronary 
Computed Tomography Angiography (CCTA) has 
recently undergone significant advancements in its 
diagnostic precision and safety. Modern CCTA 
employs multidetector CT scanners, offering faster 
imaging   with   higher   resolutions.21     With      the  

 
evolution of technology, radiation exposure has 
markedly decreased, making the process safer. 
Enhanced image reconstruction algorithms provide 
more explicit images by reducing artifacts. Dual-
Energy CT scanning has emerged as a vital tool, 
utilizing two X-ray energy levels for better tissue 
differentiation and plaque visualization.22 Another 
notable advancement is the Fractional Flow Reserve 
CT (FFR-CT), a noninvasive method measuring 
coronary arteries' blood flow and refining blockage 
assessments.23 Furthermore, improvements in 
contrast agents ensure more precise imaging with 
minimal side effects. These collective advancements 
have made CCTA an indispensable and safer 
diagnostic tool in managing coronary artery disease. 
Most recent developments include dual-Energy 
Computed Tomography (DECT). DECT has 
revolutionized cardiothoracic imaging, with vendors 
devising unique hardware and software solutions for 
producing multi-energy datasets.24 The infusion of 
novel post-processing algorithms and AI-driven data 
analysis augments the diagnostic yield of every CT 
scan, often without amplifying radiation exposure. In 
the future, the medical imaging domain will be on 
the brink of a revolution. The synergy of spectral 
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dual-energy CT and the nascent photon-counting CT gradually permeates routine clinical practice. Both 
patients and healthcare providers are poised to 
immensely benefit from these avant-garde 
technologies in the forthcoming era, ensuring more 

comprehensive and safer cardiovascular 
diagnostics.24

 
Table 3. Cardiac MRI technologies 

Name Year Description Clinical Relevance Advantage Limitations 
4D Flow 
MRI 

2010 Visualizes blood 
flow in 3D plus 
time 

Assesses hemodynamics; 
evaluates valvular heart 
disease, shunts, and vessel 
stenosis 

Offers a comprehensive 
view of blood flow 
dynamics; can assess flow 
in any direction 

Complex, requiring 
advanced software 
and post-processing 

Fast Strain 
Imaging 

2019 Evaluates 
myocardial tissue 
motion and 
deformation 

Detects early myocardial 
diseases and dysfunction, 
useful in 
cardiomyopathies 

Detects subtle myocardial 
changes; quick 
assessment 

Still evolving; 
availability and 
standardization may 
vary 
 

T1 and T2 
Mapping 

2013 Differentiates 
heart tissue 
properties 

Evaluates myocardial 
fibrosis, inflammation, 
and edema; used in 
cardiomyopathies and 
myocarditis 
 

Provides quantitative 
tissue characterization; 
helps in early disease 
detection 

Interpretation varies 
with hardware; post-
processing required 

MR 
Fingerprinti
ng 

2015 Matches tissue 
signals to 
predefined 
patterns 

Differentiates between 
various tissues and 
diseases, aiding precise 
diagnosis 

Accurate tissue 
differentiation; might 
reduce scan times 

Still new; consistency 
and standardization 
across sites may vary 

 
Most recent advancement of MRI with 7T 
Scanners  

Since Magnetic Resonance Imaging (MRI) 7T 
scanners launched offered the potential to acquire 
more precise and more detailed cardiovascular 
images than ever before. The elevated magnetic 
field strength of 7T scanners provides superior 
image clarity compared to their 1.5T and 3T 
counterparts and significantly enhanced image 
resolution.25 The increased magnetic field strength 
facilitates improved tissue contrast, which is 
especially beneficial for distinguishing between 
healthy and diseased tissue in the heart and 
surrounding vasculature. Other advancements 
include Hybrid Imaging (PET-MRI and PET-CT), 
combining the strengths of two imaging methods, 
providing functional and anatomical information. In 
the future, these techniques will be frequently used 
globally. As the technology behind 7T MRI 
continues to advance and with the adoption of 
appropriate safety measures, it's anticipated that 
these scanners will play an increasingly vital role in 
the detailed examination and diagnosis of various 

cardiovascular conditions. This technology holds 
promise for advancing our understanding of heart 
diseases and guiding therapeutic interventions with 
precision.26 
 
Catheter angiography 

Coronary angiography is vital for visualizing 
blood flow in heart arteries to detect obstructions. 
This procedure traditionally involved catheter 
angiography, wherein a catheter introduces a dye 
into the coronary arteries.27. Digital Subtraction 
Angiography (DSA) eliminates the need for 
traditional film. Instead, the patient's pre- and post-
contrast images are digitally subtracted, resulting in 
a more precise visualization of blood vessels. This 
reduces noise and offers better pictures of the 
coronary arteries. High-Definited Monitors in the 
angiography suites have significantly upgraded 
image clarity and resolution, providing minute 
detailing. Advanced software algorithms convert 2D 
photos into 3D coronary angiography, ensuring 
safer, more accurate, and more efficient procedures 
for patients.28-29 
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Artificial Intelligence in Imaging 

AI introduction in medical science 
groundbreaking revolution. Image processing has 
become hundred times faster and can assist in 
detecting abnormalities, potentially outperforming 
human interpretation in some instances. Recent 
advancements in AI have significantly impacted 
cardiology, especially in imaging. AI algorithms 
process medical images faster, detecting 
abnormalities and potentially outperforming 
human interpretation.31 Automated image 
segmentation saves time and reduces errors in 
identifying heart structures. AI-based image 
enhancement improves visualization, even in 
compromised images. AI predictive models 
analyze patient data to accurately predict 
cardiovascular outcomes and identify high-risk 
patients. AI algorithms detect coronary artery 
disease non-invasively from coronary CT 
angiograms. They also see malignant arrhythmias 
from ECG data. Cardiac function assessment and 
risk stratification for heart failure benefit from AI-
driven tools. Virtual cardiac biopsies assess 
myocardial tissue characteristics non-invasively. 
AI decision support systems integrate patient-

specific data to offer evidence-based treatment 
recommendations. These advancements enhance 
diagnosis, early detection, and personalized care in 
cardiology, with AI poised to revolutionize the 
field further.32 

 
Echocardiogram via Ultrasound 

The field of Echocardiography has witnessed 
substantial advancements, aligning with the 
evolving requirements of cardiovascular 
healthcare. Modern 3D echocardiograms provide 
real-time, three-dimensional imaging, significantly 
enhancing the accuracy in identifying and 
assessing heart-related conditions. Techniques 
such as Intracardiac Echocardiogram (ICE) and 
Doppler echocardiogram have further refined the 
diagnostic process, enabling the exploration of 
various heart ailments through minimally invasive 
means. Additionally, integrating 
Electrocardiogram (ECG) with Echocardiography 
offers continuous monitoring of the heart's 
electrical activity. These advancements 
collectively underscore a future where cardiac care 
can be more targeted and proactive.33 

 
Table 4. Advancement in Intravascular Imaging and Diagnostic Procedures 

Name Year Introduced Description Clinical 
Relevance 

Advantages Limitations 

IVUS 1990s Ultrasound 
imaging inside 
arteries 

Visualizes plaque, 
assesses vessel 
walls 

High-resolution, 
direct visualization of 
the arterial wall 

Invasive; 
limited to larger 
vessels 

MEG The 1990s (for 
cardiac) 

Magnetic field 
imaging 

Emerging 
applications in 
cardiac fields 

Noninvasive; no 
radiation 

Limited cardiac 
applications; 
expensive 

Cardiac 
Biopsy 

1965 by R.T 
Bulloch 

Direct tissue 
sampling from the 
heart 

Diagnoses 
myocarditis, 
cardiomyopathies 

Direct tissue 
assessment; definitive 
diagnosis for some 
conditions 

Invasive; risk of 
complications; 
sampling error 

 
Introduced in the 1990s, Intravascular 

Ultrasound (IVUS) has enabled detailed 
visualization of blood vessels, providing insights 
into various cardiovascular diseases. 
Magnetoencephalography (MEG), developed in the 
1990s, has revolutionized noninvasive brain activity 
mapping.34 In the 19th century,  the practice of 
Cardiac Biopsy, though a more established 
technique, continued to evolve with enhanced 

precision and efficiency in diagnosing heart 
diseases. These technological innovations 
collectively represent the forefront of cardiac and 
neurological care, improving diagnostic accuracy 
and patient outcomes.35  

In recent years, Troponin Test, BNP/NT-
proBNP, and hs-CRP have revolutionized cardiac 
care, offering enhanced early detection and 
management of heart-related conditions.36 
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Table 5. Innovations in Cardiac Biomarker Testing 

Name Year 
Introduced 

Description Clinical 
Relevance 

Advantage Limitations 

Troponin Test 1990s Blood test for 
cardiac troponin 

Indicates recent 
heart attack 

Highly specific for 
cardiac muscle injury 

May not detect 
minor injuries; 
timing critical 

BNP/NT-proBNP 2000s Blood test for 
heart failure 
markers 

Indicates heart 
failure 

Predictive of heart 
failure severity 

Affected by other 
conditions like 
renal failure 

hs-CRP 1990s Blood test for 
inflammation 
marker 

Cardiovascular 
disease risk 
assessment 

Indicates 
inflammation; a 
potential predictor of 
CV risk 

Non-specific; 
influenced by 
various factors 

 
DISCUSSION 

In echocardiography, innovations have 
transcended from the traditional 2-dimensional 
approach to state-of-the-art 3-dimensional 
Echocardiography (3DE), particularly real-time 3D 
Echocardiography (RT3DE). These breakthroughs 
facilitate an enhanced understanding of complex 
heart structures. Simultaneously, Computed 
Tomography (CT) technologies have matured from 
single-slice scans to multifaceted 64-slice CT 
imaging, enabling detailed plaque assessment and 
higher spatial resolution. Advancements in Cardiac 
Imaging and Diagnostics have significantly 
transformed the landscape of cardiovascular 
healthcare like CT scanning and MRI have evolved 
remarkably.39 Cardiac MRI (CMRI) emerged in 
1981, utilizing magnetic fields for detailed cardiac 
imaging. Fast Strain Imaging, T1 and T2 Mapping, 
and MR Fingerprinting have refined tissue motion 
assessment and tissue differentiation. 7T MRI 
Scanners, introduced recently, offer superior image 
clarity, aiding in precise diagnosis. Spectral CT, 
Dual-Energy CT, and Fractional Flow Reserve CT 
(FFR-CT) enhance accuracy and safety in coronary 
assessment. Nuclear Cardiac Imaging (SPECT, PET, 
MPI) and Optical Coherence Tomography (OCT) 
utilize radioisotopes and light for deeper insights 
into heart function. AI-driven image processing and 
wearable devices are revolutionizing diagnosis and 
monitoring, ushering in an era of more precise and 
proactive cardiac care.38 
 
ETHICAL APPROVAL  

There is no ethical approval. 

 
CONFLICTS OF INTEREST 

The authors declare no conflict of interest. 
 
FUNDING 

 No specific funding was provided for this article. 
 
AUTHOR CONTRIBUTIONS  

 Conceptualization, Roy Novri Ramadhan and 
Dewi Ratna Sari; methodology, Muh Akram; 
software, Farhan Nurdiansyah; validation, Dewi 
Ratna Sari, Roy Novri Ramadhan, and Muh Akram; 
formal analysis, Roy Novri Ramadhan; 
investigation, Dewi Ratna Sari; resources, Muh 
Akram; data curation, Roy Novri Ramadhan; 
writing—original draft preparation, Roy Novri 
Ramadhan; writing—review and editing, Roy Novri 
Ramadhan; visualization, Muh Akram; supervision, 
Dewi Ratna Sari; project administration, Farhan 
Nurdiansyah; funding acquisition, Roy Novri 
Ramadhan 
 
REFERENCES 
1. Stremmel C, Breitschwerdt R. Digital 

Transformation in the Diagnostics and Therapy 
of Cardiovascular Diseases: Comprehensive 
Literature Review. JMIR Cardio, 
2023;7:e44983.  

2. Boulares M, Alotaibi R, AlMansour A, Barnawi 
A. Cardiovascular Disease Recognition Based on 
Heartbeat Segmentation and Selection 
Process. Int J Environ Res Public Health, 
2021;18(20):10952.  

3. Shao C, Wang J, Tian J, Tang YD. Coronary 
Artery Disease: From Mechanism to Clinical 
Practice. Adv Exp Med Biol, 2020;1177:1-36.  



JURNAL	KEDOKTERAN	DIPONEGORO	
(DIPONEGORO	MEDICAL	JOURNAL)	
Online : http://ejournal3.undip.ac.id/index.php/medico 	

E-ISSN	:	2540-8844	
DOI	:	10.14710/dmj.v12i6.40838	
JKD	(DMJ),	Volume	12,	Number	6,	November	2023	:	390-397	
	

Roy Novri Ramadhan, Dewi Ratna Sari, Muh. Akram, Farhan Nurdiansyah 
 

396 
 

4. Roguin A. Rene Theophile Hyacinthe Laënnec 
(1781-1826): the man behind the 
stethoscope. Clin Med Res, 2006;4(3):230-235.  

5. Nargesi AA, Ghazizadeh Z, Larry M, et al. 
Manual or automated sphygmomanometer? A 
historical cohort to quantify measurement bias 
in blood pressure recording. J Clin Hypertens 
(Greenwich), 2014;16(10):716-721.  

6. Barold, S.S. Willem Einthoven and the Birth of 
Clinical Electrocardiography a Hundred Years 
Ago. Card Electrophysiol Rev 7, 2003; 99–104.  

7. Chokkalingam Mani B, Chaudhari SS. Right 
Heart Cardiac Catheterization. In: StatPearls. 
Treasure Island (FL): StatPearls Publishing; 
2023 

8.  Mordi IR, Badar AA, Irving RJ, Weir-McCall 
JR, Houston JG, Lang CC. Efficacy of 
noninvasive cardiac imaging tests in diagnosis 
and management of stable coronary artery 
disease. Vasc Health Risk Manag, 2017;13:427-
437 

9. World Health Organization: WHO. 
Cardiovascular diseases (CVDs). www.who.int 
[Internet]. 2021 Jun 11; Available from: 
https://www.who.int/news-room/fact-
sheets/detail/cardiovascular-diseases-(vcds) 

10. Ramesh S, Kosalram K. Noncommunicable 
diseases: A scoping review focus on the context 
of India. J Educ Health Promot, 2023; 12:41 

11. 2023 Heart Disease and Stroke Statistics Update 
Fact Sheet. American Heart Association 
[Internet]. 2023; Available from: 
https://professional.heart.org/-/media/PHD-
Files-2/Science-News/2/2023-Heart-and-Stroke-
Stat-Update/2023-Statistics-At-A-Glance-
final_1_17_23.pdf 

12. Heart Disease and Stroke Statistics - 2023 
update [Internet]. professional.heart.org. 
Available from: 
https://professional.heart.org/en/science-
news/heart-disease-and-stroke-statistics-2023-
update#:~:text=Cardiovascular%20disease%20
(CVD)%20remains%20as,in%20lost%20produ
ctivity%2Fmortality). 

13. Di Franco A, Ohmes LB, Gaudino M, et al. 
Serendipity and innovation: history and 
evolution of transthoracic echocardiography. J 
Thorac Dis, 2017;9(Suppl 4):S257-S263.   

14. Fraser AG, Monaghan MJ, van der Steen AFW, 
Sutherland GR. A concise history of 
echocardiography: timeline, pioneers, and 
landmark publications. Eur Heart J Cardiovasc 
Imaging, 2022;23(9):1130-1143.  

15. Maganti K, Rigolin VH, Sarano ME, Bonow 
RO. Valvular heart disease: diagnosis and 
management. Mayo Clin Proc, 2010;85(5):483-
500.  

16. Chiriac A, Kadkhodayan A, Pislaru SV, et al. 
Clinical Importance of Transthoracic 
Echocardiography with Direct Input from 
Treating Physicians. J Am Soc Echocardiogr, 
2016;29(3):195-204.  

17. Wu VC, Takeuchi M. Three-Dimensional 
Echocardiography: Current Status and Real-
Life Applications. Acta Cardiol Sin, 
2017;33(2):107-118.  

18. Bellenger NG, Burgess MI, Ray SG, et al. 
Comparison of left ventricular ejection fraction 
and volumes in heart failure by 
echocardiography, radionuclide 
ventriculography and cardiovascular magnetic 
resonance; are they interchangeable?. Eur 
Heart J, 2000;21(16):1387-1396.  

19. Naser N, Stankovic I, Neskovic A. The 
Reliability of Automated Three-Dimensional 
Echocardiography-HeartModelA.I. Versus 2D 
Echocardiography Simpson Methods in 
Evaluation of Left Ventricle Volumes and 
Ejection Fraction in Patients With Left 
Ventricular Dysfunction. Med Arch, 
2022;76(4):259-266.  

20. Kwon SH, Gopal AS. 3D and 4D Ultrasound: 
Current Progress and Future Perspectives. Curr 
Cardiovasc Imaging Rep, 2017;10(12):43.  

21. Counseller Q, Aboelkassem Y. Recent 
technologies in cardiac imaging. Front Med 
Technol, 2023;4:984492.  

22. Sun Z, Choo GH, Ng KH. Coronary CT 
angiography: current status and continuing 
challenges. Br J Radiol, 2012;85(1013):495-
510.  

23. Goo HW, Goo JM. Dual-Energy CT: New 
Horizon in Medical Imaging. Korean J Radiol, 
2017;18(4):555-569.  

24. Rajiah P, Cummings KW, Williamson E, 
Young PM. CT Fractional Flow Reserve: A 
Practical Guide to Application, Interpretation, 



JURNAL	KEDOKTERAN	DIPONEGORO	
(DIPONEGORO	MEDICAL	JOURNAL)	
Online : http://ejournal3.undip.ac.id/index.php/medico 	

E-ISSN	:	2540-8844	
DOI	:	10.14710/dmj.v12i6.40838	
JKD	(DMJ),	Volume	12,	Number	6,	November	2023	:	390-397	
	

Roy Novri Ramadhan, Dewi Ratna Sari, Muh. Akram, Farhan Nurdiansyah 
 

397 
 

and Problem Solving. Radiographics, 
2022;42(2):340-358.  

25. Alizadeh LS, Vogl TJ, Waldeck SS, et al. 
Dual-Energy CT in Cardiothoracic Imaging: 
Current Developments. Diagnostics (Basel), 
2023;13(12):2116.  

26. Ibrahim EH, Arpinar VE, Muftuler LT, 
Stojanovska J, Nencka AS, Koch KM. Cardiac 
functional magnetic resonance imaging at 7T: 
Image quality optimization and ultra-high field 
capabilities. World J Radiol, 2020;12(10):231-
246.  

27. Lee SE, Nguyen C, Xie Y, et al. Recent 
Advances in Cardiac Magnetic Resonance 
Imaging. Korean Circ J, 2019;49(2):146-159.  

28. Ojha V, Raju SN, Deshpande A, Ganga KP, 
Kumar S. Catheters in vascular interventional 
radiology: an illustrated review. Diagn Interv 
Radiol, 2023;29(1):138-145.  

29. Herzberg M, Forbrig R, Schichor C, 
Brückmann H, Dorn F. Preoperative Digital 
Subtraction Angiography in Incidental 
Unruptured Intracranial Aneurysms : How 
Much is too Much?. Clin Neuroradiol, 
2018;28(3):429-435.  

30. Aumann S, Donner S, Fischer J, Müller F. 
Optical Coherence Tomography (OCT): 
Principle and Technical Realization. In: Bille 
JF, ed. High Resolution Imaging in Microscopy 
and Ophthalmology: New Frontiers in 
Biomedical Optics, 2019:59-85. 

31. O'Connor MK, Kemp BJ. Single-photon 
emission computed tomography/computed 
tomography: basic instrumentation and 
innovations. Semin Nucl Med, 2006;36(4):258-
266.  

32. Johnson KW, Torres Soto J, Glicksberg BS, et 
al. Artificial Intelligence in Cardiology. J Am 
Coll Cardiol, 2018;71(23):2668-2679.  

33. Karatzia L, Aung N, Aksentijevic D. Artificial 
intelligence in cardiology: Hope for the future 
and power for the present. Front Cardiovasc 
Med, 2022;9:945726.   

34. Lancellotti P, Price S, Edvardsen T, et al. The 
use of echocardiography in acute 
cardiovascular care: recommendations of the 
European Association of Cardiovascular 
Imaging and the Acute Cardiovascular Care 

Association. Eur Heart J Acute Cardiovasc 
Care, 2015;4(1):3-5.  

35. Braeutigam S. Magnetoencephalography: 
fundamentals and established and emerging 
clinical applications in radiology. ISRN Radiol, 
2013;2013:529463.  

36. Kiamanesh O, Toma M. The State of the Heart 
Biopsy: A Clinical Review. CJC Open, 
2020;3(4):524-531.  

37. Oluleye OW, Folsom AR, Nambi V, Lutsey 
PL, Ballantyne CM; ARIC Study Investigators. 
Troponin T, B-type natriuretic peptide, C-
reactive protein, and cause-specific 
mortality. Ann Epidemiol, 2013;23(2):66-73.  

38. Deng Z, Guo L, Chen X, Wu W. Smart 
Wearable Systems for Health 
Monitoring. Sensors (Basel), 2023;23(5):2479.  

39. Prieto-Avalos G, Cruz-Ramos NA, Alor-
Hernández G, Sánchez-Cervantes JL, 
Rodríguez-Mazahua L, Guarneros-Nolasco LR. 
Wearable Devices for Physical Monitoring of 
Heart: A Review. Biosensors (Basel), 
2022;12(5):292.  

40. Velasco O, Beckett MQ, James AW, et al. 
Real-Time Three-Dimensional 
Echocardiography: Characterization of Cardiac 
Anatomy and Function-Current Clinical 
Applications and Literature Review 
Update. Biores Open Access, 2017;6(1):15-18.  

41. Kim H, Song J, Kim S, et al. Recent Advances 
in Multiplexed Wearable Sensor Platforms for 
Real-Time Monitoring Lifetime Stress: A 
Review. Biosensors (Basel), 2023;13(4):470.  

 
 


