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ABSTRACT

Introduction: Cardiac imaging plays a crucial role in the diagnosis and management
of cardiovascular diseases. Recent innovations in MRI, CT, and ultrasound
technologies, particularly through the integration of artificial intelligence, are
transforming clinical practice by improving image quality, reducing scan time, and
enhancing diagnostic accuracy. Objective: To evaluate recent innovations in cardiac
imaging technologies—specifically MRI, CT, and ultrasound—and explore their
future potential for improving cardiovascular diagnosis and treatment. Materials and
Method: A cross-sectional study was conducted at Department of Cardiology,
Hayatabad Medical Complex Peshawar, Pakistan from August, 2024 to January, 2025.
Data from 180 patients who underwent cardiac MRI, CT, or ultrasound were analyzed,
with emphasis on advanced imaging technologies and their clinical impact. Results:
Advanced techniques such as Al-enhanced MRI, photon-counting CT, and contrast-
enhanced ultrasound significantly improved diagnostic performance. Multimodal
imaging led to changes in clinical management in over 90% of cases. Conclusion:
Emerging cardiac imaging technologies are reshaping cardiovascular diagnostics,
offering enhanced accuracy and clinical utility across multiple modalities.
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INTRODUCTION

In recent decades, dramatic changes in imaging
modalities, including Magnetic Resonance Imaging
(MRI), Computed Tomography (CT), and Ultrasound,
have led cardiac imaging to undergo a profound
transformation. They have improved diagnostic
precision and become the core means of cardiovascular
disease management, helping with earlier detection and
better tracking. Artificial intelligence is redefining the
role it is currently playing in the improvement and
evolution of cardiac MRI. New technologies such as Al-
guided acquisition, image reconstruction, and
interpretation shorten scanning time, improve image
quality, and lessen variability between operators (1).
These developments represent a significant step forward
in more efficient, accurate, and accessible cardiac
imaging. Technological improvements in recent decades
are also revolutionizing the larger domain of cardiac
imaging, which is moving towards a multi-modality
approach, using the advantages of different imaging
modalities.
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Different imaging modalities give information on
cardiac structure, function, and perfusion, and the
combination of these provides a more complete clinical
picture. CT, MRI, and echocardiography are no longer
solitary means of diagnosis but are becoming
incorporated into patient care pathways that facilitate
better diagnostic accuracy and therapeutic decisions (2).
Cardiac imaging has evolved with innovative hardware
and software, from enhanced detector technologies and
advanced image processing to data integration platforms,
and has yielded new prospects in developing clinical
cardiology (3). Al integration and hardware innovation
have benefited MRI, one of the most sophisticated tools
in cardiac imaging. The spatial and temporal resolution
has improved, while scan durations have been
significantly shortened using compressed sensing and
real-time imaging techniques. Al is already being
leveraged to autonomously demarcate cardiac chambers,
quantify function, and identify pathology in an
increasingly efficient and standardized manner (4).
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Practical pointed out that these innovations are
beneficial when radiological expertise is scarce or
operating volume is a concern. In addition, MRI
sequences are continuously being improved to visualize
myocardial fibrosis, edema, and perfusion more clearly,
and cardiac MRI is considered an arm in one of the main
tools for the comprehensive evaluation of
cardiomyopathy. ~ Workforce  and  accessibility
considerations underscore further the importance of
multimodality imaging. Scalable and automated
solutions are needed to improve availability and access
to high-quality imaging in under-resourced regions, as a
lack of imaging availability exacerbates imaging
disparities and the need for workforce diversification (6).
For example, interventional cardiac MRI is a frontier
where therapy meets imaging. While in developmental
stages, it provides real-time procedural guidance without
ionizing radiation and with unparalleled soft tissue
contrast. However, such innovations could revolutionize
minimally invasive cardiac interventions as technology
readiness levels increase (7).

At the same time, artificial intelligence for
multimodality imaging is advancing toward diagnosing
and managing ischemic heart disease. Al tools are
revolutionizing how clinicians interpret multimodal
datasets, from predictive analytics to image fusion and
risk stratification. Furthermore, these advances foster
moving toward personalized medicine, where imaging
insights are modified according to an individual patient
profile and brought to bear in the broader clinical
decision-making (8). Whilst initially designed for other
organ systems, some imaging technologies (such as
photon counting CT and ultrafast Doppler techniques)
are now being re-envisioned for cardiac applications to
extend the scope and capability of diagnostic imaging
(9). The enhanced cardiac imaging includes ultrasound,
which has historically been the mainstay of cardiac
imaging and also undergoing tremendous enhancement.
Ultrasound-enhancing agents have introduced an
ultrasound modality beyond coronary arteries, including
perfusion imaging, myocardial strain analysis, and
detailed vascular analyses.

These improvements are crucial for bedside
evaluations and situations in which MRI or CT may not
be feasible (10). At the same time, photon counting CT
and micro CT are becoming powerful tools for
delineating coronary anatomy with reduced radiation
exposure and improved resolution. Al-powered
reconstruction algorithms and these techniques provide
a new dimension in the evaluation of ischemic heart
disease (11). These innovations bring obvious benefits,
but concerns about safety, standardization, and cost-
effectiveness accompany them. Novel imaging
technology must be rigorously validated to warrant
clinical adoption of both diagnostic consistency and
patient safety. Furthermore, efforts should be made to
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train clinicians and technologists to use new tools in
accordance with best practices and at an efficient pace
(12). Overall, biomedical imaging is expanding in scope,
embracing diagnostic capabilities and becoming
prognostic and therapeutic. It allows future research and
collaboration across disciplines (13).

These advances have not overcome the challenges of
integrating Al into routine clinical workflows. Data
privacy, algorithm transparency, and use of patient data
have not shifted beyond concerns. Furthermore, a
significant hurdle is the development of generalizable Al
models that can consistently perform across various
populations and imaging platforms. However, Al can
potentially enhance clinical expertise and streamline the
cardiac imaging process (14). Seamless integration (15)
of intelligent algorithms with advanced imaging
hardware and a user-friendly interface will characterize
the future of cardiac imaging, providing real-time
actionable insights at the point of care.

Objective

To evaluate recent cardiac imaging technologies (MR,
CT, Ultrasound) and explore their future potential for
refinement of cardiovascular diagnosis, treatment
planning, and patient outcomes.

MATERIALS AND METHODS

Design: Descriptive Cross-sectional study.

Study setting: The study was conducted at Department
of Cardiology, Hayatabad Medical Complex Peshawar,
Pakistan

Duration: The study was carried out over a six-month
period, from August, 2024 to January, 2025

Inclusion Criteria

Patients aged 18 years and older who underwent cardiac
imaging with MRI, CT, or ultrasound from the study
index date were included. The study population included
all those referred for diagnostic evaluation of suspected
or confirmed cardiovascular disease. Availability of the
complete imaging data and the patient’s consent for
research use entailed inclusion. The newer imaging
protocols of Al-assisted MRI, photon counting CT, and
ultrasound-enhancing agents were prioritized in dealing
with cases.

Exclusion Criteria

Patients with incomplete or poor imaging data or
contraindications for any imaging modalities were
excluded. The study excluded people unwilling to give
informed consent or whose imaging involved no recent
technological advancements. Additionally, pediatric
cases and all cases with prior imaging outside the study
setting were excluded to maintain consistency in
imaging protocol and technology standards.

Methods
Patient records and imaging databases of the Department
of Radiology in Department of Cardiology, Hayatabad
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Medical Complex Peshawar, Pakistan were used as data
sources, and retrospectively collected data were used.
Identified patients underwent cardiac imaging with MRI,
CT, or ultrasound between August, 2024 and January,
2025. Two experienced radiologists reviewed imaging
studies applying recently developed technological
advances such as Al image reconstruction in MRI,
photon counting in CT, and ultrasound enhancers in
applications. Image quality, diagnostic accuracy, and
scan time were all parameters evaluated. Specifically
documented were advanced imaging features such as
myocardial strain analysis, perfusion assessment, and
plaque  characterization. Data  regarding the
demographics of patients, indications of usage, and
imaging outcomes were compiled. The frequency and
distribution of advanced imaging technologies across
modalities were determined by statistical analysis.
Findings were summarized in descriptive statistics, and
trends identified in technology utilization and its impact
on cardiovascular clinical decision-making were
explored thematically.

RESULTS

The analysis included 180 patients who underwent
cardiac imaging during the study period. Of them, 68
patients (37.7%) were studied by cardiac MRI, 54 (30%)
by cardiac CT, and 58 (32.2%) by advanced ultrasound.
The mean age was 56.2 + 11.4 years, with 104 (57.7%)
males and 76 (42.3%) females. The most common
indications for imaging were suspected ischaemic heart
disease or evaluation of cardiomyopathy and valvular
abnormalities.

Comprised of MRI scans combined with Al-based
image reconstruction, this protocol reduced acquisition
time on average to 18.5 minutes, compared with 30.2
minutes with conventional protocols. Additionally,
automated myocardial segmentation with artificial
intelligence yielded accurate volumetric and functional
assessments requiring minor manual correction in 89.7
% of cases.

Table 1
Distribution of Imaging Modalities and Their Advanced
Features

. Patients
Modality (n=180) Advanced Features Used
Al reconstruction, myocardial

0, 1
MRI 68 (37.7%) strain, late gadolinium enhancement
cT 54 (30%) Photon-counting, plaque analysis,

5 functional perfusion
Ultrasound 58 (32.2%) Contrast agents, myocardial strain,

3D echocardiography

Photon counting cardiac CT studies with superior
coronary artery and plague morphologic resolution were
demonstrated. In 92.5% of CT cases, image noise was
reduced, and contrast enhancement was optimized. In 31
cases, functional CT perfusion imaging was used with
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global perfusion deficits similar to angiographic findings
in 25 patients suspected of ischemia. The enhancing
agents were used in 40 of the 58 cases to benefit
ultrasound imaging. These agents particularly improved
endocardial border definition and myocardial perfusion
evaluation, especially in patients with suboptimal
acoustic windows. In 48 ultrasound studies, myocardial
strain analysis was completed and correlated well with
MRI-derived strain values.

Table 2
Diagnostic Performance Across Modalities

Parameter MRI (%) CT (%)  Ultrasound (%)
Image Quality

(rated good- 94.1 90.7 87.9
excellent)

Diagnostic Yield 91.2 88.5 84.4

Scan Time 185 8.4 147

(average minutes)

In 42 patients, multimodality imaging was performed,
with the combination of MRI and CT in 17, MRI and
ultrasound in 12, and CT with ultrasound in 13.
Together, these combinations afforded complete
structural and functional data that affected clinical
decision-making in 95.2% of that multimodality group.
The integration of Al tools also increased diagnostic
confidence and decreased inter-observer variability.

Table 3

Impact of Imaging on Clinical Management
Imaging Type Management Changed No Change

(%) (%)

MRI 75.0 250
CT 70.4 29.6
Ultrasound 62.1 37.9
Multimodality Use 95.2 4.8

These advanced technologies resulted extensively in
increased imaging efficiency, improved diagnostic
performance, and enhanced clinical utility in all three
modalities.

DISCUSSION

This study finds that emerging technologies, especially
those in MRI, CT, and ultrasound modalities, have
transformative effects on cardiac imaging. With
cardiovascular diseases being a large load for global
public health, diagnostic imaging is a priority innovation
to facilitate early detection, accurate diagnosis, and
personalized treatment planning. Redefining cardiac
care through integrating advanced imaging techniques
and artificial intelligence (Al) into routine clinical
practice can enhance efficiency, clinical accessibility,
and reassurance about improving patient care outcomes.
Cardiac MRI has proven to be a powerful modality for
myocardial structure, function, and tissue
characterization. The study demonstrates that Al-
assisted cardiac MRI reduces scan acquisition time and
post-processing efficiency. The findings from Morales et
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al. support the premise that Al integration allows
automatic segmentation and motion correction to
improve the accuracy as well as reproducibility of
cardiac assessments (1).

Among other things, these innovations are important
for increasing output in distressed clinical environments
while making MRI more patient-friendly for people who
cannot hold long breaths or stay still for scans. Applied
with multimodal cardiac imaging, clinicians may take
advantage of the strengths of each modality. CT is good
for resolution in anatomy, MRI is suitable for soft tissue
characterization, and ultrasound has real-time functional
imaging. Recent technological developments have
closed gaps between these modalities with the advent of
hybrid imaging systems and software integration
platforms, which afford a more comprehensive view of
cardiovascular health, according to Counseller and
Aboelkassem (2). In particular, this is important for more
complex cases like ischemic cardiomyopathy or
congenital heart disease where single-modality imaging
may be insufficient.

In our study, high-resolution coronary imaging and
better plaque characterization were obtained through the
use of photon-counting CT. This is consistent with
earlier work by Daubert et al., who found that photon
counting detectors yield better contrast-to-noise ratio
and lower exposure than traditional CT systems (3).
These features particularly benefit serial monitoring of
coronary artery disease and preoperative planning.
Furthermore, in our study, functional CT perfusion
imaging was used to identify the region of ischemia
consistent with angiographic findings. CT would
position itself as more than a structural modality and
could expand its role into the functional and prognostic
domains. In all three modalities, artificial intelligence is
integral to revolutionizing imaging interpretation.

According to Moradi et al., Al has improved image
quality and automated measurements and pathology
detection in echocardiography, cardiac CT angiography
(CTA), and MRI (4). These tools could standardize
imaging interpretation and alleviate human error in such
settings where expert radiologists are not always
available. Similarly, Kabasawa drew upon his technical
documentation of MRI over the last two decades to
reflect on how Al and machine learning allow real-time
high-resolution imaging to become a reality (5). Despite
these benefits, workforce disparities and access issues
continue to pose serious obstacles to the general usage of
advanced cardiac imaging. To address these concerns,
Bullock-Palmer et al. drew attention to the lack of
diversity and uneven distribution of imaging expertise in
the healthcare systems, especially in low-resource
settings (6).

This study, performed in a tertiary care hospital in
Pakistan, exemplifies that accommodating technologies
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could perform well in less specialized settings. For
example, automated protocols and cloud-based image
processing platforms can reduce the dependence on
centralized expertise and bring advanced imaging to
more patients. Interventional cardiac MRI, combining
diagnostic image guidance with therapeutic delivery, is
a promising area. In their article, Rier et al. discussed
current applications and possible future applications of
this method. While it is still in the early stages, it
provides a radiation-free alternative to catheter-based
procedures with excellent tissue visualization (7). It
represents an exciting frontier in cardiac imaging,
although implementation has not yet been widely
practiced in our setting. Another area of rapid innovation
is multimodality imaging for ischemic heart disease. In
image fusion, ischemia detection, and prognostication
(8), machine learning was discussed by Sekar and
Veerabathiran for the growing utility of Al in this
domain. In our patients with multimodal evaluations,
management changes were seen at a high rate,
demonstrating the complementary power of combining
anatomical and functional inputs.

Several innovations originally developed for other
organ systems are applied to heart treatments. The initial
repurposing of MRI and CT technologies used in hepatic
imaging for cardiovascular diagnostics is illustrated by
Vernuccio et al. (9). It is a direct manifestation of cross-
pollinating the technology to foster ideas and accelerate
development. Ultrasound technology is also evolving.
Albulushi et al. used ultrasound-enhancing agents,
which has expanded the echocardiography role from
structural imaging to more detailed perfusion and tissue
characterization (10). As noted by Willemink et al., a
new wave of diagnostic tools based on ultrafast Doppler,
micro-CT, and photon counting CT have very high
resolution and low doses (11). It supports their clinical
value, particularly in coronary artery assessments.
However, there must be a corresponding emphasis on the
safety, training, and standardization of newer imaging
platforms. Hussain et al., indicate that the risks of
advanced imaging techniques should be understood, and
patient safety should be ensured (12).

As a part of a more general expansion for biomedical
imaging as a discipline, practical devices are required.
The intersection of imaging and bioengineering, data
science, and clinical medicine has been noted by Anil et
al., who have stressed that this would lead to research
and collaboration in the future (13). However, Sengupta
et al. noted that integrating Al into clinical workflows
can be challenging in validating algorithms, data
transparency, and regulatory oversight (14) (15, 16).
These issues must be tackled because Al-enhanced
imaging may be unsafe and inequitable. Finally,
Windecker et al., in the European Society of Cardiology
report, note the urgent need for innovation in
cardiovascular devices and diagnostics, depending on
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regulatory support and multi-stakeholder collaboration
to bring novel technologies into clinical use (15). In
reaffirming the significance of an ecosystem approach to
facilitating the translation of imaging innovation to
meaningful clinical outcomes, our study reinforces the
urgency of this approach.

CONCLUSION

It should be noted that these advancements in cardiac
imaging technologies (especially MRI, CT, and
ultrasound) have become vital and mainstream
components of modern cardiovascular care. Artificial
intelligence integration has increased imaging speed and
diagnostic precision and improved workflow efficiency
across all needed cases of modalities. Evolutionary
technologies like photon counting CT, Al-enabled MRI
reconstruction, and contrasted enhanced ultrasound have

REFERENCES

1. Morales, M. A., Manning, W. J., & Nezafat, R.
(2024). Present and future innovations in Al and
cardiac MRI. Radiology, 310(1).
https://doi.org/10.1148/radiol.231269

2. Counseller, Q., & Aboelkassem, Y. (2023).
Recent technologies in cardiac
imaging. Frontiers in Medical Technology, 4.
https://doi.org/10.3389/fmedt.2022.984492

3. Daubert, M. A, Tailor, T., James, O.,
Shaw, L. J., Douglas, P.S., & Koweek, L.
(2020). Multimodality cardiac imaging in the
21st century: Evolution, advances and future
opportunities  for innovation. The  British
Journal of Radiology, 94(1117).
https://doi.org/10.1259/bjr.20200780

4, Moradi, A., Olanisa, O. O,, Nzeako, T.,
Shahrokhi, M., Esfahani, E., Fakher,N., &
Khazeei Tabari, M. A. (2024). Revolutionizing
cardiac imaging: A scoping review of artificial
intelligence in echocardiography, CTA, and
cardiac MRI. Journal of Imaging, 10(8), 193.
https://doi.org/10.3390/jimaging10080193

5. Kabasawa, H. (2022). MR imaging in the 21st
century: Technical innovation over the first two
decades. Magnetic Resonance in Medical
Sciences, 21(1), 71-82.
https://doi.org/10.2463/mrms.rev.2021-0011

6. Bullock-Palmer, R. P., Flores Rosario, K.,
Douglas, P. S., Hahn, R. T., Lang, R. M.,
Chareonthaitawee, P., Srichai, M. B.,
Ordovas, K. G., Baldassarre, L. A.,

Burroughs, M. S., Henderson, C. S.,
Woodard, P. K., Pressoir, K., Swaminathan, M.,
Blankstein, R., & Daubert, M. A. (2024).
Multimodality cardiac imaging and the imaging
workforce in the United States: Diversity,

IJBR Vol.3 Issue.5 2025

allowed for more precise and reliable detection and
characterization of cardiovascular pathology. Recently,
multimodality imaging has become a powerful tool for
gaining comprehensive evaluation for more informed
clinical decisions and improved patient outcomes.
However, while these advances have some promising
applications, they face challenges of cost, training,
infrastructure, and equitable access that remain critical
barriers to widespread implementation, particularly in
low-resource settings. Going forward, a collaboration
between clinicians, technologists, researchers, and
policymakers is needed to ensure that these innovations
are translated to the clinic safely and effectively.
Investment in cardiac imaging technologies will
continue, which will help shape the future of
cardiovascular medicine.

disparities, and future directions. Circulation:
Cardiovascular Imaging, 17(2).
https://doi.org/10.1161/circimaging.123.01640
9

7. Rier, S. C., Vreemann, S., Nijhof, W. H., Van
Driel, V.J., & Van der Bilt, 1. A. (2022).
Interventional cardiac magnetic resonance
imaging: Current applications, technology
readiness level, and future
perspectives. Therapeutic Advances in
Cardiovascular Disease, 16.
https://doi.org/10.1177/17539447221119624

8. Chandra Sekar, P. K., & Veerabathiran, R.
(2024). Emerging technologies and applications
in multimodality imaging for ischemic heart
disease: Current state and future of artificial
intelligence. Exploration of Cardiology, 2(6),

253-264.
https://doi.org/10.37349/ec.2024.00038
9. Vernuccio, F., Cannella, R., Bartolotta, T. V.,

Galia, M., Tang, A., & Brancatelli, G. (2021).
Advances in liver US, CT, and MRI: Moving
toward the future. European Radiology
Experimental, 5(1).
https://doi.org/10.1186/s41747-021-00250-0
10. Albulushi, A., Xie, F., & Porter, T. R. (2024).
Ultrasound enhancing agents in cardiovascular
imaging: Expanding horizons beyond coronary
arteries. Cardiovascular Ultrasound, 22(1).
https://doi.org/10.1186/s12947-024-00330-2
11. Willemink, M. J., Varga-Szemes, A.,
Schoepf, U. J,, Codari, M., Nieman, K.,
Fleischmann, D., & Mastrodicasa, D. (2021).
Emerging methods for the characterization of
ischemic heart disease: Ultrafast Doppler
angiography, micro-CT, photon-counting CT,
novel MRI and PET techniques, and artificial

Page | 163

Copyright © 2025. IJBR Published by Indus Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.


https://doi.org/10.1148/radiol.231269
https://doi.org/10.3389/fmedt.2022.984492
https://doi.org/10.1259/bjr.20200780
https://doi.org/10.3390/jimaging10080193
https://doi.org/10.2463/mrms.rev.2021-0011
https://doi.org/10.1161/circimaging.123.016409
https://doi.org/10.1161/circimaging.123.016409
https://doi.org/10.1177/17539447221119624
https://doi.org/10.37349/ec.2024.00038
https://doi.org/10.1186/s41747-021-00250-0
https://doi.org/10.1186/s12947-024-00330-2

Ullah, F. et al,,

12.

13.

IJBR Vol.3 Issue.5 2025

The Future of Cardiac Imaging: Innovations in MRI...

intelligence. European
Experimental, 5(1).
https://doi.org/10.1186/s41747-021-00207-3
Hussain, S., Mubeen, I., Ullah, N., Shah, S. S.,
Khan, B. A., Zahoor, M., Ullah, R.,
Khan, F. A., & Sultan, M. A. (2022). Modern
diagnostic imaging technique applications and
risk factors in the medical Field: A
review. BioMed Research
International, 2022(1).
https://doi.org/10.1155/2022/5164970

Anil, S, Vikas,B., Thomas,N.G.,, &
Sweety, V. K. (2025). Biomedical imaging:
Scope for future studies and
applications. Biological and Medical Physics,
Biomedical Engineering, 319-338.
https://doi.org/10.1007/978-981-96-1124-9_14

Radiology

14.

15.

Sengupta, P. P., Dey, D., Davies, R. H.,

Duchateau, N., & Yanamala, N. (2024).
Challenges for augmenting intelligence in
cardiac imaging. The Lancet Digital

Health, 6(10), e739-e748.
https://doi.org/10.1016/s2589-7500(24)00142-0

Windecker, S., Gilard, M.,  Achenbach, S.,
Cribier, A., Delgado, V., Deych, N.,
Drossart, I.,  Eltchaninoff, H., Fraser, A. G.,
Goncalves, A., Hindricks, G., Holborow, R.,
Kappetein, A. P., Kilmartin, J., Kurucova, J.,

Luscher, T. F., Mehran, R., O’Connor, D. B.,
Perkins, M., ... Weidinger, F. (2024). Device
innovation in cardiovascular medicine: A report
from the European Society of Cardiology
cardiovascular Round Table. European Heart
Journal, 45(13), 1104-1115.
https://doi.org/10.1093/eurheartj/ehae069

Page | 164

@ Copyright © 2025. IJBR Published by Indus Publishers
BY__NC_SA This work is licensed under a Creative Commons Attribution 4.0 International License.


https://doi.org/10.1186/s41747-021-00207-3
https://doi.org/10.1155/2022/5164970
https://doi.org/10.1007/978-981-96-1124-9_14
https://doi.org/10.1016/s2589-7500(24)00142-0
https://doi.org/10.1093/eurheartj/ehae069

