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Introduction
Computed tomography (CT) is one of the most widely used imaging 

modalities in clinical medicine due to its high spatial resolution and 
ability to quickly generate cross-sectional images of the body. However, 
conventional single-energy CT (SECT) has limitations in distinguishing 
certain tissues or materials with similar densities, making it less effective 
for some diagnostic applications. Dual-energy CT (DECT) overcomes 
these limitations by using two different energy levels to capture images, 
providing additional material-specific information. The concept of 
DECT was first introduced in the 1970s but has only recently become 
widely available due to advances in scanner technology. DECT allows 
for the differentiation of various tissues, as well as the identification 
and characterization of materials based on their atomic composition. 
This is particularly useful in applications like assessing complex lesions, 
characterizing tissues, and distinguishing between different types of 
stones, plaques, and other pathologies that are difficult to evaluate with 
conventional CT imaging. This paper aims to provide an overview 
of the principles behind DECT, review its clinical applications, and 
highlight the recent advancements and challenges associated with its 
use in routine clinical practice [1].

Principles of Dual-Energy CT

In dual-energy CT, two sets of X-ray spectra with different energy 
levels are used to acquire images of the same area. The two energy levels 
typically used are low (around 80 kV) and high (130–140 kV), but more 
advanced systems may use different combinations depending on the 
scanner. These energy levels allow for the differentiation of tissues and 
materials that have similar densities but distinct atomic compositions, 
such as iodine, calcium, and uric acid. DECT works by measuring how 
different materials attenuate X-rays at each energy level, then applying 
mathematical algorithms to generate images that highlight these 
differences. Some of the key techniques used in DECT include

Material Decomposition: DECT separates tissues into their 
constituent materials, such as fat, muscle, blood, and contrast agents, by 
utilizing the different attenuation profiles at two energy levels.

Virtual Monoenergetic Imaging: By simulating CT images at a 
specific energy level (e.g., 40, 60, 80, 100, or 120 keV), DECT allows 
radiologists to obtain images that are more sensitive to specific types of 
tissues or contrast agents [2].
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Iodine Quantification: DECT can quantify iodine concentrations, 
making it highly effective in detecting and assessing tumors, vascular 
abnormalities, and other conditions requiring contrast media.

Applications of Dual-Energy CT
Oncology: Tumor Detection and Characterization

One of the most promising applications of DECT is in oncology. 
Traditional CT scans can struggle with differentiating between various 
types of tissue, particularly in the context of tumors. DECT, by 
providing material-specific information, enhances the characterization 
of tumors and aids in the assessment of their composition, vascularity, 
and treatment response [3].

Tumor Detection and Evaluation: DECT allows for improved 
visualization of tumors, particularly in areas where tissue contrast is 
difficult to discern using conventional CT. In liver and kidney cancers, 
for example, DECT can be used to differentiate between benign and 
malignant lesions based on their iodine uptake or tissue composition.

Characterization of Tumor Composition: DECT can assess the 
presence of necrosis, hemorrhage, and fibrotic tissue within tumors, 
providing important information for staging and treatment planning. 
By separating the tumor from surrounding tissues based on material 
composition, DECT improves the delineation of tumor boundaries.

Assessment of Treatment Response: DECT has been increasingly 
used in monitoring tumor response to treatment, particularly in 
evaluating the vascularity of tumors. Changes in tumor vascularity 
and perfusion, which can be quantified using DECT, serve as an early 
indicator of treatment efficacy, especially in response to chemotherapy 
or targeted therapies [4].

Cardiology: Coronary Artery Disease and Plaque 
Characterization
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In cardiology, dual-energy CT offers enhanced capabilities in 
coronary artery disease (CAD) assessment, particularly in evaluating 
coronary plaques, stenosis, and arterial calcifications.

Coronary Artery Imaging: DECT allows for improved coronary 
artery visualization by enhancing the differentiation between the 
coronary arteries and surrounding tissues, such as fat and myocardium. 
This is especially valuable in coronary CT angiography (CTA), which is 
used to assess coronary artery occlusions and stenosis.

Plaque Composition: A major challenge in assessing coronary 
artery disease is determining the composition of atherosclerotic 
plaques. DECT allows for differentiation between calcified, lipid-rich, 
and fibrous plaques, enabling a more precise evaluation of plaque 
vulnerability. The ability to identify non-calcified plaques, which are 
more prone to rupture, is critical for risk stratification in CAD patients 
[5].

Quantification of Calcium: Dual-energy CT provides more 
accurate quantification of coronary artery calcium (CAC), an 
important predictor of cardiovascular risk. The ability to differentiate 
between calcified and non-calcified plaques helps improve the accuracy 
of coronary artery disease diagnosis and the prediction of future 
cardiovascular events.

Musculoskeletal Imaging: Bone and Soft Tissue 
Characterization

DECT has gained significant utility in musculoskeletal imaging, 
offering improved tissue characterization for both bone and soft tissue 
diseases [6].

Bone Lesion Differentiation: DECT is effective in differentiating 
between various types of bone lesions, such as benign cysts and 
malignant metastases, by analyzing the mineral content of the bone and 
the surrounding tissues. The ability to differentiate between soft tissue 
edema, hematoma, and neoplastic tissue is particularly beneficial in 
trauma and oncology cases.

Gout and Uric Acid Crystals: One of the most widely recognized 
applications of DECT in musculoskeletal imaging is the detection 
of uric acid crystals in gout. DECT can visualize these crystals with 
high specificity, making it an invaluable tool in the diagnosis and 
management of gout, especially in patients with ambiguous clinical 
presentations [7].

Vascular Imaging Embolism and Aneurysms

DECT provides enhanced vascular imaging by allowing for 
the differentiation of various substances within blood vessels. This 
is particularly beneficial for evaluating conditions like pulmonary 
embolism (PE), aortic aneurysms, and vascular malformations.

Pulmonary Embolism: DECT can improve the detection of 
pulmonary embolism by allowing better visualization of emboli and 
the surrounding lung tissue. By differentiating between the embolism 
and lung parenchyma, DECT increases sensitivity and specificity in 
diagnosing PE compared to conventional single-energy CT.

Aortic Aneurysms: DECT has the advantage of providing better 
delineation of the aortic wall, allowing for the detection of aneurysms 
and their rupture risk. The ability to assess the aortic wall composition 
(e.g., calcification, fibrosis) and adjacent tissues offers valuable 
prognostic information for patients with vascular diseases [8].

Challenges and Limitations of Dual-Energy CT

Despite its growing applications, several challenges remain in the 
routine use of DECT in clinical practice:

Radiation Dose: Although DECT allows for more detailed 
imaging, the radiation dose may be higher than that of conventional 
CT scans, particularly if two energy levels are used in a single scan. 
Efforts to reduce the radiation dose, such as advanced dose modulation 
techniques and the use of iterative reconstruction algorithms, are 
ongoing.

Cost and Accessibility: Dual-energy CT systems are more 
expensive and less widely available than traditional single-energy CT 
scanners. This limits its use in some healthcare settings, particularly in 
resource-limited regions.

Image Artifacts and Motion: Motion artifacts, which can affect any 
CT scan, may be more pronounced in DECT due to the need for rapid 
acquisition of two different energy levels. Advances in image processing 
and faster scanners are addressing these limitations [9].

Future Directions

The future of dual-energy CT lies in its continued integration with 
artificial intelligence (AI) and machine learning (ML) algorithms. 
AI-based image reconstruction and post-processing techniques 
can improve the accuracy and efficiency of DECT, making it more 
accessible and reducing the potential for operator-related errors. 
Moreover, advancements in material decomposition algorithms 
will allow for even more precise differentiation of tissues, improving 
diagnostic confidence. Additionally, further innovations in spectral CT 
technology will likely enable the use of more energy levels, allowing for 
even finer tissue characterization and more accurate diagnostics across 
various clinical specialties [10].

Conclusion
Dual-energy CT represents a significant advancement in medical 

imaging, offering enhanced tissue characterization and diagnostic 
capabilities. Its applications in oncology, cardiology, musculoskeletal 
imaging, and vascular disease have already led to improved diagnostic 
accuracy and better clinical outcomes. Despite challenges such as 
radiation dose concerns, cost, and accessibility, DECT is poised to 
become an integral tool in clinical practice. With ongoing technological 
advancements and integration with AI, dual-energy CT has the 
potential to revolutionize the way physicians diagnose and treat a wide 
range of diseases.
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