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Abstract—The Dual Energy Computed Tomography
(DECT) technology is widely used for many fields of
medical study. Recent advancements in computed
tomography have made it possible to acquire and analyze
X-rays simultaneously with two distinct amounts of
energy (high and low), creating new opportunities for
neurological research and development. Tumors exhibit
a greater contrast-to-noise ratio (CNR) than liver tissue,
therefore using both high and low tube potentials to
create blended images during DECT, which in turn can
aid in the diagnosis of cancer. By raising the CNR and
signal-to-noise ratio and lowering hardening of the beam,
the use of contrast agents enhances image quality. The
identification and characterization of hepatic anomalies,
such as mass lesions, can be enhanced by DECT. The
many uses of DECT in imaging of the liver are outlined
and shown in this research. Uric acid stones can also be
diagnosed using this technique. In addition, increased
detection of aneurysms, vascular malformations, and
iodine enhancement within a single scan in DECT in
neuroimaging is made possible by bone elimination,
material description, and monoenergetic reconstructions.
Monoenergetic reconstructions allow for enhanced
iodine attenuation and/or improved quality of brain and
spine imaging. This review summarizes the numerous
operations of DECT in liver imaging, application of
DECT in neuroimaging and the determination of
ailments such uric acid stones and liver problems. There
is also a brief analysis on DECT's future possibilities.

Index Terms—DECT, X Ray, Neuroimaging, Disease
detection, SNR, CNR

I. INTRODUCTION
The DECT system consists of a single gantry with two
x-ray tubes positioned orthogonally at 90° angles (Fig.

1). Two x-ray tubes or two photon spectra are used as
the photon source in dual energy computed
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tomography, or "DECT." It is also named as spectral
computed tomography. To acquire separate absorption
measurements in the spectrum using standard CT
detectors, two photon spectra are now produced by
either varying the voltage of one x-ray tube or
switching the voltage of both tubes [1].

The spinning anodes of polychromatic spectra, which
are employed in DECT diagnostic imaging tubes, have
a characteristic tungsten material lining and are
superimposed on a continuous spectrum of
bremsstrahlung. As a result, DECT has two x-ray
spectra rather than two separate energies. The X-ray
tubes use revolving anodes with polychromatic spectra,
which are made up of tungsten anode characteristic
lines overlaid over a continuous bremsstrahlung
spectrum. They are employed because their quanta
output is adequate for diagnostic imaging. Thus, two
photon spectra are employed rather than two different
photon energies in DECT.

The voltage that is supplied determines the maximum
photon energy. Nonetheless, the mean photon energies
are significantly lower than the maximum energy, and
the disparity between them is less than anticipated.
The average photon energies are around 76 keV and
56 keV, respectively, while employing 140 kV and 80
kV and standard filters. To make sure that the two
tubes produce identical amounts of photons when
utilized independently, the tube current should be
adjusted. Typically, 80 and 140 kV settings are
employed because they offer the greatest variation and
the least amount of spectrum overlap when using
conventional tubes [1].
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Figure 1: Dual-energy computed tomography (DECT)
methods are shown. (A) DECT using two sources.
Two 90° orthogonally positioned X-ray tubes with
matching detectors have distinct tube potentials.
(B)Dual beam filtration, a single X-ray source that is
positioned along the Z-axis with two distinct filters.
(C) Quick kilovolt transitions. In less than 0.2
milliseconds, the X-ray tube quickly transitions from
the low to the high voltage during a single gantry spin.
(D) A two-layer sensor. a sandwiched or stacked
detector and a single source. (E) Devices for counting
photons.

The tissue characteristics and contrast medium
employed in DECT are significant additional factors.
In DECT, differentiation is carried out based on the
tissue's or the contrast medium's spectral
characteristics, which allow for differentiation based
on x-ray attenuation at various photon energies.
Nonetheless, the photoelectric effect, coherent scatter,
and Compton effect are responsible for the x-ray
attenuation. Because the photoelectric effect is
proportionate to the atomic number, it depends on the
atomic number among these features. Except for
calcium and magnesium, the majority of atoms in the
human body have a weak photoelectric effect; in
contrast, contrast media has a relatively powerful
photoelectric effect. Photons interact with the atom's
K shell to produce these variations. As the atomic
number increases (55-cesium), the photoelectric effect
increases as well. Due to their increased photoelectric
effect and larger atomic number, contrast materials
such as iodine (53), xenon (54) and barium (56), are
utilized. Spectral behavior in DECT aids in the
distinction between various tissues. Techniques like as
quantum-counting detectors, fast voltage changing,
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DSCT, layer detectors, and sequential acquisition are
technically sound. DECT provides the ability to use
spectrum data for diagnostic applications. The
technological methods, which vary in their inherent
benefits and drawbacks, particularly with regard to
dose efficiency and spectral contrast [1,2,3,4,5,6]. As
previously explained, DECT has a wide range of uses,
particularly in neuroimaging and illness detection.
This paper presents a critical assessment of the use of
DECT with an emphasis on neuroimaging and the
diagnosis of conditions such as, liver illness, and uric
acid stones.

II. AREAS OF APPLICATION

DECT has immense applications in disease detection
and also in various imaging techniques. Following
sections present a critical review of the application of
DECT focusing on neuroimaging and detection of
diseases like uric acid stones and liver diseases.

a) Neuroimaging

The usage of CT has increased with the incorporation
of tissue characterization using DECT. Prior to the
introduction of CT in 1971, neuroscience relied on
indirect methods such as X-rays and myelography.
Whole-body screening was first limited to brain
imaging due to long acquisition periods, but by 1974,
developments in technology had allowed for important
diagnostic uses, including the identification of
syringomyelia [7, 8]. Later advancements in spatial
detail, such multidetector-row CT (MDCT) and helical
acquisition, allowed for more advanced applications,
including 3D imaging, active ("4D") imaging, and
brain perfusion [9—12]. Systems like Siemens, GE, and
Phillips' DECT systems, which assess energy-
dependent attenuation, enable material discrimination.
This facilitates the distinction between substances,
including iodine and bleeding, that seem to be same on
conventional CT [13—18]. In neuroradiology, DECT is
starting to gain traction for applications such as iodine
mapping, bone excision in CT venography (CTV)
especially CT angiography (CTA), and digital non-
contrast imaging to detect current bleeds in stroke
patients [19]. Differentiating between blood and
iodine is useful for managing high-density lesions,
delivering contrast media, or performing intra-arterial
re Canalization in stroke patients. Spot symptoms and
the identification of underlying medical conditions,
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both vascular and non-vascular, may be useful for
patient intracranial bleeding [20]. DECT is coming up
to other imaging subspecialties in neuroimaging. The
field of neuroimaging is growing in popularity, and its
benefits are understood. This, as the ambiguous 4th
factor in 3-material decay, necessitates both the
resolution of DECT's limitations and the further
development of DECT techniques and applications in
brain imaging. Recent work has revealed advanced
monoenergetic reconstructions that combine the
privileges of lower and higher keV reformation by
employing only a piece from their range of frequency.
It is potent to raise the bar for monoenergetic
reconstructions. Monoenergetic image formation, a
utilization of DECT, and material characterization,
along with bone removal, provide improved
identification of wvascular malformations, iodine

enhancement, and aneurysms within a single scan [20].

b) Uric acid stones

Excess or elevated uric acid levels in the urine cause
crystallization, which is the cause of uric acid stones,
a kind of nephrolithiasis. Urinary tract infections
(UTlIs), urinary obstructions, and in certain situations,
renal failure can result from the presence of urinary
stones if treatment is neglected. Therefore, in order to
manage and prevent uric acid stones, it is important to
completely comprehend their occurrence and etiology.
Since DECT can distinguish between different stones
by assessing their composition by measuring the
amount of x-ray attenuation by the stones, it has
emerged as a useful method or instrument for the
detection of uric acid stones in the modern day. The
information regarding the quantity of stone
composition that DECT offers is very helpful in
selecting an appropriate treatment strategy. Recent
research indicates that while DECT is completely
undetectable on traditional x-rays, it can effectively
identify urinary stones.

Very few research has incorporated mixed stones; the
majority of investigations present, concentrated on
pure stones. Graser et al. [21] used an initial generation
dual-source scanner functioning at 80kV and 140kV to
study the distinction of stone composition. Four mixed
stones were included in their analysis, although the
majority of the stones were pure stones. More mixed
stones as well as pure UA and non-UA stone samples
were used in the study by Boll et al. [22]. The primary
objective was to distinguish between pure UA, pure
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non-Uric Acid, and mixed stones, and every single
stone was handled as a whole. Consequently,
constituent elements within the blended stones lacked
both differentiation and quantification. Color coding
in conjunction with commercial DECT software was
utilized by Stolzmann et al. [23, 24] to identify Uric
acid and non-Uric acid components in pure and
blended stones. If any red is seen, stones were deemed
to have Uric acid; if any blue is seen, they were
deemed to have non-Uric acid materials. Pixel-by-
pixel dual-energy analysis was carried out by Shuail L
et al. [25].

Every stone's UA or non-UA status was established by
contrasting its CT number percentage to a preset
baseline. When second-generation dual-source
scanners were equipped with a tin filter and the 100-
kV/Sn140-kV scan mode became available, DECT
performance on large patients improved. On the third
version of the dual-source scanner used in this
experiment, tin filters were present in four of the five
dual-energy scanning modes on the high (150 kV)
beam. By using phantoms that approximated adult
patients with lateral widths that varied between 30 to
55 cm, indicating lean to highly obese, a wide range of
physical sizes were covered in this investigation. To
choose whichever dual-energy scan methods to use,
they employed phantom sizes: Since these modes
provide improved spectral separation although still
allowing for appropriate penetration for humans in this
size range, 70 and 80 kV were used, respectively, for
the specters portraying fine and average patients. For
phantoms (specters) that resembled tall and obese
patients, respectively, they used 90 and 100 kV to
guarantee adequate penetration. The ability of DECT
to perfectly scale both the UA and non-UA
constituents of mixed urinary stones was therefore
investigated.

c) Liver diseases

Liver iron measurement is crucial for assessing iron
overload conditions, which can lead to cirrhosis,
hepatocellular carcinoma, and the death of liver cells.
Liver biopsy is considered to be a metric for
determining liver concentration of iron (LIC), has
been used historically. However, biopsies are invasive
and unsuitable for routine observation. MRI has
become the accepted norm for non-invasive LIC
assessment because it is so accurate at tracking iron-
reducing medications and staging iron overload [26,
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27, 28]. One of the many MRI methods that have been
extensively utilized to determine iron level is T2*
relaxometry, a reliable non-invasive option to biopsy
[29]. Dual-energy CT (DECT) measurements of liver
iron have been attempted since the 1980s. DECT has
the advantage of separating materials dependent on
energy attenuation, making it possible to separate
substances like iron and fat. Numerous studies,
particularly in live animal models and non-living
phantom tests, have examined the potential benefits of
DECT throughout this arena [30, 31, 32]. Luo et al.
[34] demonstrated, by means of a specific
methodology, that DECT performed at 80 and 140
kVp could assess liver iron and that there was a strong
correlation amongst computational levels of iron
(VIC) and LIC in rabbit models. In human studies, the
same group found a strong correlation between LIC
assessments based on MRI and VIC, indicating that
DECT might be an equally valuable tool as MRI for
determining iron content [33].

Fischer et al. [35] created virtual iron pictures using
DECT, which made it possible to estimate iron levels
accurately regardless of fat composition and liver
tissue attenuation. With boundaries defined for various
levels of iron overabundance these images exhibited
astounding precision in determining LIC, suggesting
DECT is a feasible approach for iron quantification.
Even with the positive results, more testing versus
liver biopsy is required to confirm VIC's validity, a
reliable non-invasive technique for assessing liver iron
in medical settings. Similarly, with the rise in hepatic
steatosis linked to metabolic dysfunction, including
alcoholic and non-alcoholic fatty liver disorders
(NAFLD), non-invasive methods of assessing liver fat
have gained popularity. At the moment, non-invasive
techniques like MRI and MR spectroscopy are the
most accurate ways to quantify liver fat content [36].
Single-energy CT is not devoid of drawbacks, though,
particularly in the presence of iron. Because DECT
can be employed to assess the hepatic fat percentage,
research suggests that it has the potential to overcome
these limitations [37, 38, 39].

DECT was utilized by Fischer et al. [35] to generate
virtual non-iron images, allowing precise fat
quantification regardless of the presence of iron. Artz
et al. [41] have demonstrated a high correlation
between tissue triglyceride ratios and histological fat
scoring and DECT measurements in both laboratory
animal models and human research. When comparing
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the quantification of iron and fat to the assessment of
liver fibrosis using DECT, the latter is still in its
infancy [43].

DECT therefore holds significant potential for
application in neuroimaging, the detection of uric acid
stones, and measuring of iron, fat, and fibrosis in the
liver. Moreover, a number of promising investigations
have demonstrated significant associations between
DECT-derived measures and traditional methods such
as MRI and biopsy. While further research is required
to fully assess these techniques, DECT may
potentially provide a helpful non-invasive alternative
for imaging assessments and disease detection.

III. CONCLUSION

There are many uses for the Dual Energy Computed
Tomography (DECT) method in the determination of
illness. In this article, the DECT technology is first
introduced. Second, the incorporation of DECT in
neuroimaging and the diagnosis of illnesses such as
stones made from uric acid and liver ailments are
analyzed. DECT imaging is still being fully utilized in
terms of its potential for disease identification. Future
technological advancements may enable DECT's
smooth incorporation into clinical practice and
broaden the range of therapeutic benefits it offers.
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