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| ABSTRACT

Coronary artery disease (CAD) remains a significant contributor to global mortality. Non-invasive imaging
modalities are indispensable for the diagnosis and management of CAD. Magnetic Resonance Imaging (MRI) has
emerged as a promising tool due to its inherent lack of ionizing radiation and its capacity to provide detailed
anatomical and functional insights. This article presents a comprehensive review of the current literature, comparing
the utilization of T2 and T1 MRI techniques in CAD detection. We highlight the advantages, limitations, and specific
clinical applications of each modality. T1 MRI with contrast enhancement excels in visualizing coronary artery walls
and plaques, assessing myocardial perfusion, and detecting scarring. In contrast, T2 MRI, without the need for
contrast agents, is invaluable for detecting myocardial edema, a key indicator in the diagnosis of acute myocardial
infarction. The selection between T2 and T1 MRI should be judiciously based on the specific clinical question and
patient considerations.
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1. Introduction

Coronary artery disease (CAD), characterized by the narrowing or blockage of coronary arteries, continues to be a
leading cause of morbidity and mortality worldwide [1]. Early and accurate diagnosis of CAD is paramount for
effective management and improved patient outcomes. Non-invasive imaging modalities are essential in this
process, allowing clinicians to visualize and assess the extent of coronary artery stenosis, plaque morphology, and
myocardial perfusion.

Magnetic Resonance Imaging (MRI) has emerged as a compelling non-invasive alternative to conventional
angiography, offering several advantages, notably the absence of ionizing radiation and the ability to provide
comprehensive anatomical and functional data [2]. Among the diverse MRI techniques available, T2 and T1-
weighted imaging each possess unique properties and applications in the context of CAD.

This article aims to provide a rigorous comparison of T2 and T1 MRI techniques for the detection and evaluation of
CAD, focusing on their respective advantages, limitations, and specific clinical indications. By understanding the
strengths and weaknesses of each approach, clinicians can make informed decisions about the most suitable
imaging modality for individual patients, ultimately contributing to improved CAD diagnosis and management.
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2. Methodology

A systematic search of relevant literature was conducted using PubMed, Scopus, and Web of Science databases. The
search terms encompassed "coronary artery disease,” "MRI," "T2-weighted imaging," "T1-weighted imaging,”
"myocardial infarction," and "plaque characterization." Studies comparing the diagnostic accuracy, advantages, and
limitations of T2 and T1 MRI for CAD detection were included.

The literature review elucidates the complementary roles of T2 and T1 MRI in CAD evaluation. T2-weighted imaging,
sensitive to water content, is particularly adept at detecting myocardial edema, a hallmark of acute myocardial
infarction [3]. It can also provide some insight into plaque composition, although its ability to visualize coronary
artery walls and plaques is limited compared to T1 MRI. T1-weighted imaging, with the use of contrast agents,
excels in visualizing coronary artery walls and plaques, facilitating accurate assessment of stenosis severity and
plaque morphology [4]. Moreover, T1 MRI enables the evaluation of myocardial perfusion and the detection of
myocardial scarring or fibrosis [5].

3. Comparison of T2 and T1 MRI

Comparison of T2 and T1 MRI Performance

The chart presented above illustrates the comparative performance of T2 and T1 MRI in CAD detection based on
sample data from the literature. T1 MRI generally exhibits higher sensitivity, specificity, and accuracy compared to
T2 MR, particularly in visualizing coronary artery walls, plaques, and assessing myocardial perfusion. However, T2
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MRI demonstrates high sensitivity for detecting myocardial edema, a critical marker in acute myocardial infarction
scenarios.

3.1 T2 MRI
Advantages

e No contrast agents required: Eliminates the risk of allergic reactions and nephropathy, making it suitable for
patients with contraindications to gadolinium-based contrast agents.

e High sensitivity for myocardial edema: T2 MRI has demonstrated high sensitivity (ranging from 82-95%) for
detecting myocardial edema in various studies [6,12]. It plays a pivotal role in the acute setting, aiding in
the rapid and accurate diagnosis of myocardial infarction.

e Plaque characterization: T2 MRI has shown promise in identifying vulnerable plaques with high lipid
content, as demonstrated by its ability to differentiate lipid-rich necrotic core from fibrous tissue [7].

Limitations

e Limited visualization of coronary anatomy: Compared to T1 MRI, T2 MRI has a limited ability to visualize
coronary artery walls and plaques, which can hinder the assessment of stenosis severity and plaque
morphology.

e Lower spatial resolution: May result in less detailed images compared to T1 MRI, potentially impacting the
visualization of small vessels and subtle plaque features.

e Due to its limited ability to visualize coronary artery walls and plaques, T2 MRI has a lower sensitivity for
detecting significant stenosis, estimated to be around 70-75% based on current literature [4].

3.2 T1 MRI
Advantages
e Excellent visualization of coronary anatomy: With the use of contrast agents, T1 MRI provides superior
visualization of coronary artery walls and plaques, enabling accurate assessment of stenosis severity, plaque
morphology, and the identification of high-risk features like thin fibrous caps or intraplaque hemorrhage
[8].
e Assessment of myocardial perfusion: Allows for the evaluation of myocardial blood flow, revealing areas of
ischemia or infarction, which is crucial for risk stratification and treatment planning [5].
e Detection of myocardial scarring: Can identify areas of myocardial scarring or fibrosis resulting from
previous heart attacks, providing valuable prognostic information.
e Higher spatial resolution: Offers greater image detail compared to T2 MR, facilitating the visualization of
small vessels and subtle plaque features.
e T1 MRI, utilizing contrast agents, has demonstrated high sensitivity and specificity (approximately 90-95%)
for detecting significant coronary stenosis [9].

4. Discussion

The literature underscores the complementary roles of T2 and T1 MRI in the evaluation of CAD. While T1 MRI with
contrast enhancement excels in providing exquisite visualization of coronary artery walls, plaques, and myocardial
perfusion, T2 MRI, without the need for contrast agents, excels in the detection of myocardial edema, a crucial
marker of acute myocardial infarction. The choice between these techniques hinges on the specific clinical context
and individual patient needs.

In the acute setting, where the primary concern is the diagnosis of myocardial infarction, T2 MRI emerges as a
valuable tool due to its high sensitivity for detecting myocardial edema. Its non-contrast nature further enhances its
appeal in patients with contraindications to gadolinium-based contrast agents. However, when a comprehensive
evaluation of CAD extent, severity, and plaque morphology is required, particularly in stable patients, T1 MRI with
contrast enhancement takes precedence. It offers superior visualization of coronary anatomy and allows for the
assessment of myocardial perfusion and the detection of myocardial scarring, providing valuable prognostic
information.
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Beyond the direct comparison of T2 and T1 MR], it's important to recognize that these techniques are not mutually
exclusive. In fact, their combined use can offer a more comprehensive assessment of CAD. For example, T2 MRI can
be used to identify areas of myocardial edema, prompting further investigation with T1 MRI to evaluate coronary
anatomy and perfusion in the affected region.

Additionally, emerging hybrid imaging approaches, such as the combination of MRI with positron emission
tomography (PET), hold the potential to provide even more detailed insights into CAD pathophysiology, integrating
anatomical, functional, and metabolic information. Emerging techniques such as T1 mapping and T2 mapping hold
promise for further enhancing the diagnostic capabilities of cardiac MRI, providing quantitative assessment of
myocardial tissue properties [10, 11].

However, it's crucial to acknowledge that despite their advantages, both T2 and T1 MRI have limitations. T2 MRI's
lower spatial resolution can hinder the visualization of small vessels and subtle plaque features. T1 MRI, while
offering excellent anatomical detail, necessitates the use of contrast agents, which carry a small but potential risk of
complications. Additionally, longer scan times associated with T1 MRI can be a challenge in certain patient
populations.

Ongoing research and development in MRI technology are focused on addressing these limitations. Advancements
in coil design, pulse sequences, and contrast agents are expected to further enhance the diagnostic capabilities of
both T2 and T1 MRI. Moreover, the integration of artificial intelligence and machine learning algorithms holds the
potential to improve image quality, automate image analysis, and facilitate the identification of subtle CAD features.

5. Conclusion

Both T2 and T1 MRI techniques contribute valuable information for the detection and evaluation of CAD. T2 MRl is
particularly useful for detecting myocardial edema in acute settings, while T1 MRI provides superior visualization of
coronary anatomy, plague morphology, and myocardial perfusion. The choice between T2 and T1 MRI should be
individualized based on the specific clinical question, patient characteristics, and the availability of resources.
Continued research and development in MRI technology hold the promise of further enhancing the accuracy and
efficiency of CAD detection and management.

5.1 Study Limitations and Future Research

This review is based on existing literature and may not encompass all ongoing research and developments in the
field. The comparative effectiveness of T2 and T1 MRI may evolve with advancements in technology and the
introduction of new contrast agents. Further studies are warranted to directly compare the diagnostic performance
of these techniques in specific clinical scenarios.
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