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Abstract

Background Concern about radiation effects is particularly significant for cancer patients who require frequent imaging for
follow-up assessments. Computed tomography (CT) is a key tool in the diagnosis and monitoring of cancer.

Purpose To demonstrate radiation dose reduction using dual-energy CT (DECT) compared with single-energy CT (SECT)
in the follow-up of cancer patients.

Patients and methods This retrospective cohort study, conducted at the Fondazione INT IRCCS G. Pascale in Naples,
Italy, evaluated the effectiveness of spectral dual-energy CT in reducing radiation doses during follow-up compared with
conventional CT. 80 patients undergoing oncology follow-up for different cancers underwent both DESCT and conventional
CT scans. A quantitative approach focused on the analysis of radiation dose measurements (CTDI and DLP), while qualitative
assessments evaluated improvements in image quality. Statistical analysis was performed using SPSS version 27.0, with
paired t-tests comparing radiation doses between the two methods to determine significant differences.

Results DECT showed statistically significant reductions in radiation exposure: mean CTDI (SECT: 9.3 +1.1 mGy vs
DECT: 5.7+1.0 mGy, p<0.001), DLP (SECT: 875.3+112.5 mGy-cm vs DECT: 621.0+95.7 mGy-cm, p<0.001), ED
(SECT: 12.3+2.0 mSv vs DECT: 8.0+ 1.5 mSv, p<0.001). SNR and CNR were also improved. No statistically significant
gender-based differences were found.

Conclusion Dual-energy spectral CT significantly reduces radiation dose compared to conventional CT, with substantial
decreases in CT dose index (CTDI), dose-length product (DLP), and effective dose.
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Radiation effects are of major concern for patients with
cancer [1, 2], and more so while as sessing follow up
imaging, where normally more imaging is done to assess
the evolution or the regression of the disease. Computed
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Tomography (CT) has been used intensively in cancer
diagnosis, as well as in staging and follow up because of
its capability to generate detailed cross-sectional images
of the targeted areas. However, there are disadvantages
of this modal- ity especially with the use of single energy
computed tomography (SECT) such as radiation dose and
contrast media. Dual-source computed tomography (DSCT),
another late generation of CT technology which was
presented earlier, can help to address these concerns owing
to the explicit advantages of DECT both in dose saving
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and diagnostic accuracy especially in oncology follow-up
protocols [3-6].

Dual-energy CT works through the scanning with two
energy levels (low and high kVp) during the examination,
which improves the comparison of tissues by their attenua-
tion is distinguished by. This feature allows DECT to elimi-
nate some of the shortcomings of traditional SECT depend-
ing on the material differentiation and enhancement of tissue
contrast. Specifically, keeping radiation dose and the vol-
ume of contrast agents, a patient is exposed to in oncology
follow-ups, in which frequent imaging is inevitable, is criti-
cal in terms of overall life observations’ impact on patients’
health. DECT enables combination of contrast enhanced
im- ages to produce virtually non-contrast (VNC) image as
opposed to taking more than one scan leading to less radia-
tion dose. Furthermore, the virtual monochromatic imaging
(VM) to detect hypervascular and/or hypovascular lesion is
beneficial in distinguishing between malignant and benign
lesions even without a large amount of iodinated contrast
material to that helps in avoiding the complication of acute
nephrotoxic in patients with renal disease or those patients
who are undergoing nephrotoxic chemotherapy treatment
regimens [7-10].

Another advantage of DECT in oncology is that it affords
the facility to obtain good images with less radiation as
compared to SECT. Namely, the SECT technique originally
calls for the pre-contrast and post-contrast imaging, which
results in higher radiation dose. DECT has the ability to
obtain VNC images which means that there is no longer a
need for a pre contrast scan and this shows that the radiation
dose given to a patient is less. Also, in this imaging method,
radiologists can get the optimal diagnostic information from
a single post contrast phase, thus reducing the amount of
ionizing radiation exposure [3, 11-13].

As with radiation dose reduction, DECT supports major
advantages for the use of contrast agents. Enhancers are also
often used in oncological practice with the help of which the
contrast of tumors and other lesions is intensified, especially
iodine-containing compounds. However, most of the oncol-
ogy patients have compromised renal function because of
their treatments, use of contrast agents is therefore risky. By
means VMI DECT which brings improved iodine.

Attenuation and the capability of applying lesser amount
of contrast while achieving optimal image quality is possi-
ble. By reducing the volume of contrast, one is able to mini-
mize the incidence of contrast induced nephropathy which is
a major issue amongst patients who have beforehand expe-
rienced renal complications from chemotherapy [13-16].

DECT also enhances diagnostic reliability of follow-ups
in oncological patients. Thus, the possibility to produce VMI
at various energy levels helps to distinguish between lesions
and adjacent tissues clearer. For example, at lower energies
of around 40-55 keV, hypervascular lesions such as those
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of HCC or hypervascular metastases may be conspicuous on
SPECT as compared to SECT. On the other hand, artifact
reduction, and increasing the visibility of hypo- vascular
lesions can be evidential when energy levels are high and
can prove difficult to be seen in CT scanning. The fact that
DECT can improve the identification of both hypervascular
and hypovascular lesions represents a major advantage of the
technique in oncology, particularly in staging and follow-up,
since it permits the diagnosis of earlier relapse or metastasis
[17-20].

Moreover, it also provides greater effectiveness in the
minimization of beam hardening artefacts which is typical in
SECT mainly in locations where there are metallic implant
and also thereby bone mass. Such artefacts may obscure vital
anatomic structures and thus complicate accurate diagno-
sis. High monoenergetic images enables DECT to decrease
these artifacts, and allows radiologists and oncologists to
have better and clearer picture of the treatment progress and
make the necessary decisions regarding the patient’s care
[7,21-23].

There are several studies that refer to the dose reduction
of DECT compared to SECT, but none of them addressed
the issue of comparing patients in oncology follow-up, i.e.
patients undergoing recurrent CT examinations, where the
importance of exposure to ionizing radiation should be
greater. Cancer patients are more susceptible than any other
patients to the harmful effects of ionizing radiation, espe-
cially in the case of repeated follow-ups. For this reason, a
careful analysis of these data can increase knowledge and
provide useful information on the reduction of radiation dose
in categories of fragile patients, such as to prefer the use of
DECT to SECT.

Patients and methods
Research design

This is a retrospective observational cohort study, conducted
in INT IRCCS G. Pascale Foundation in Naples, Italy, a
tertiary level oncology facility, from January 2023 to
July 2024. 80 patients undergoing oncology follow-up for
different tumors underwent both DESCT and conventional
CT scans. The study is aimed to analyze the efficacy of
Dual Energy Spectral CT (DESCT) in decreasing radiation
doses for cancer patients during follow-up scans compared
to conventional CT scans. All the patients underwent for
both DESCT and conventional CT. The patient's eligibility
in this study have been discussed in the relevant section. The
quantitative approach was adopted for this research with a
focus on numerical and statistical analyses of radiation dose
measurements such as Computed Tomography Dose Index
(CTDI) and Dose length product (DLP) as well as qualitative
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assessments regarding improvements in image quality.
This design was selected in order to make an accurate
comparison between efficacy of DESCT versus conventional
CT technology in practical medical settings. The primary
aim of this study was to assess reduction in radiation doses
when using DESCT and its effects on imaging quality for the
diagnosis of different oncological conditions. All patients
who were part of this study had at least one examination
done with DESCT and one prior conventional CT indicating
that there was direct comparison between the radiation doses
and imaging qualities.

Patients eligible for inclusion in the study were adults
aged 18 years or older, with a confirmed diagnosis of an
oncological pathology requiring routine follow-up with CT
imaging. All included patients had undergone at least one
conventional single-energy CT (SECT) and one dual-energy
spectral CT (DESCT) examination at the INT IRCCS G.
Pascale Foundation between January 2023 and July 2024.
Only examinations performed under a standardized acquisi-
tion protocol—specifically limited to portal or venous phase
were considered. Furthermore, inclusion required the avail-
ability of complete clinical records, including detailed radia-
tion dose metrics and imaging parameters.

Patients were excluded from the study if their clinical
data were incomplete or if radiation dose measurements,
specifically CTDI or DLP, were unavailable due to missing
DICOM metadata or PACS documentation, which prevented
valid dose analysis. Additional exclusion criteria included
patients who had undergone only one type of CT examina-
tion (either SECT or DESCT), individuals with contrain-
dications to CT imaging (e.g., severe renal impairment or
known allergy to iodinated contrast media), and those whose
scans were performed under non-standardized conditions.
The latter included multiphasic protocols not aligned with
institutional follow-up standards, non-contrast-only scans,
examinations affected by severe motion artifacts, or devia-
tions in contrast administration. Pregnant or lactating women
were also excluded due to the potential risks associated with
radiation exposure.

CT scan protocol

The method used in this research was the usage of Dual
Energy Spectral CT (Somatom Drive Dual Source CT Sys-
tem 256 slice) compared to conventional CT (GE Healthcare
Lightspeed VCT 64). All participants underwent at least two
follow-up CT examinations; one through the conventional
CT while the other utilized DESCT following standard
acquisition protocol (Table 1) only including either portal
or venous phase.

Using Dual Energy Spectral CT Somatom Drive dual
source system, which has two X-ray sources operating at
different energy levels, dual-energy CT scans were obtained
simultaneously from multiple energy spectra. Hence, charac-
terizing tissues better and limiting radiation dose by optimiz-
ing imaging parameters are facilitated.

For DECT acquisitions, scans were performed using a
Somatom Drive Dual Source CT system (Siemens Health-
ineers) operating in spectral dual-energy mode with two
simultaneously active tubes set at 80 kVp and 140 kVp,
controlled by an automatic exposure control system (CARE
Dose 4D). Tube current modulation was actively used in all
DECT examinations. The reported values of 150 mA (stand-
ard) and 80 mA (low dose) refer to reference settings, while
actual effective mAs were automatically modulated based
on patient size and anatomy. Iterative reconstruction was
applied to all DECT scans to enhance image quality and
reduce noise. DECT protocols included multiple acquisi-
tion phases, specifically both pre-contrast and post-contrast
(venous or portal) phases.

On the other hand, the normal CT was done given by
GE Healthcare Lightspeed VCT 64, a single-source 64-slice
scanner where general protocols for oncological follow-ups
were maintained.

In conventional SECT examinations, scans were acquired
at a tube voltage of 120 kVp with a fixed tube current of
120 mA in order to maintain protocol consistency across
patients and ensure comparability of results. Iterative
reconstruction (IR) techniques were used with SECT,

Table 1 Acquisition protocols

Parameter SECT (GE Lightspeed VCT DECT (Somatom Drive DS 256)
64)

Tube voltage (kVp) 120 80/140

Tube current (mA) 120 (fixed) 150/80 (auto modulation)

Rotation time (s) 0.5 0.5

Pitch 1.0 1.0

Beam collimation 40 mm 38.4 mm

Slice thickness (mm) 0.5 0.5

Iterative reconstruction Yes Yes

Typical scan length (cm) 65+8 64+7
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employing the system’s standard IR algorithm to improve
image quality and reduce noise.

Iterative reconstruction techniques were applied in both
SECT and DECT acquisitions to reduce image noise and
improve diagnostic quality. For SECT, Adaptive Statistical
Iterative Reconstruction was employed with a strength of
40%. For DECT scans, the SAFIRE (algorithm provided
by the Siemens system was used at strength level 3. These
reconstruction settings were kept constant across all scans
to ensure consistency in image quality and quantitative
assessments.

Differences in CTDI and DLP between DESCT and con-
ventional CT were included for comparison purposes.

For all DECT examinations, image reconstruction was
performed using virtual monochromatic images (VMI) at
70 keV. This energy level was selected because it provides
an optimal trade-off between image contrast and noise, and
closely resembles the appearance of conventional 120 kVp
single-energy images, facilitating a consistent comparison
with SECT data.

Outcome assessment

The primary outcomes of interest were the radiation doses
measured by CTDI and DLP, and the secondary outcomes
included the improvement in image quality between the
DESCT and conventional CT.

Radiation Dose Metrics calculated:

CTDI (Computed Tomography Dose Index): The CTDI,
which represents the dose per slice of CT scanning, was
recorded for each examination with both conventional CT
and DESCT. CTDI was measured in milligrays (mGy).
DLP (Dose Length Product): The DLP, representing the
total radiation dose accumulated during the scan, was also
recorded for both types of CT scans. DLP was measured
in milligrays per centimeter (mGy-cm).

The effective dose (ED) was estimated by applying a
region-specific conversion coefficient (k-factor) to the
DLP values. For abdominal and pelvic CT scans, a factor
of k=0.014 mSv/mGy-cm was used, in accordance with
ICRP Publication 103 guidelines. Therefore, effective
dose was calculated using the formula:

ED (mSv) = DLP (mGy-cm) X 0.014.
Image Quality metrics calculated:

Assessment of image quality was performed by two inde-
pendent radiologists who were blinded to the type of CT
used. Signal-to-noise ratio (SNR) and contrast-to-noise
ratio (CNR) were calculated objectively by placing stand-
ardized regions of interest (ROI) in homogeneous tissues
and lesion areas, respectively, using the imaging console.
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The percentage of cases where DESCT provided supe-
rior image quality compared to conventional CT was also
calculated.

Statistical analysis

Data analysis was conducted using SPSS version 27.0 IBM
Corp., Armonk, NY, USA). The statistical significance level
was set at a p-value < 0.05 for all tests. Baseline character-
istics of the patients, including age, gender, and oncologi-
cal pathology, were summarized using means, medians, and
standard deviations for continuous variables, and frequen-
cies and percentages for categorical variables. The mean
and standard deviation of the CTDI and DLP values for
both conventional CT and DESCT were calculated. A paired
t-test was performed to compare the mean radiation doses
(CTDI and DLP) between conventional CT and DESCT.
This test allowed the comparison of two related samples
(i.e., the same patients undergoing two different types of
scans). The percentage reduction in radiation dose between
the two methods was calculated for each patient, and the
overall mean reduction was analyzed.

Results

The majority of patients in the study were in older age
groups: 38 patients (42%) were aged 66—80 years, followed
by 33 patients (37%) in the 51-65 range. Only 8 patients
(9%) were between 36 and 50 years, and a single patient
(1%) was over 80. This distribution reflects the well-estab-
lished higher prevalence of oncological diseases in older
adults, particularly those between 51 and 80 years (Table 2).

Regarding cancer types, the most frequent diagnoses were
liver (11 patients), colorectal (13), breast (10), and pancre-
atic cancer (10). Notably, breast cancer was observed in 6
male patients and 4 female patients—an unexpected find-
ing considering its usual predominance in women. Ovarian
cancer, as expected, was exclusive to female patients (n =5),
while prostate cancer was exclusive to males (n=9). Other
cancer types, such as esophageal and lung, showed a slight
male predominance (Table 2).

As for cancer staging, Stage I and II cases accounted
for 23 and 19 patients, respectively, suggesting that most
patients were diagnosed in early or intermediate stages.
Stage I1I included 14 patients, while Stage IV was observed
in 24 cases. Interestingly, the proportion of female patients
in Stage IV was higher (n=15) compared to males (n=9),
which may reflect delayed diagnosis or more aggressive dis-
ease progression in some female patients (Table 2).

The results of the paired t-test (Table 3) reveal statistically
significant differences between conventional CT (SECT)
and dual-energy spectral CT (DECT) across all measured
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Table2 Summary of Patient Demographics, Cancer Types, and
Staging by Gender

parameters, with p-values consistently below 0.001.
Specifically, the mean reduction in CTDI was 3.60 mGy

Category Subcategory ~ Female (n)  Male (n)  Total (n) (t=34.408), while DLP showed a substantial decrease of
254.29 mGy-cm (t=40.488), both indicating a meaningful
Age group 36-50 4 4 8 reduction in radiation exposure with DECT.
31-65 20 13 33 A similar trend was observed for the effective dose, which
66-80 18 20 38 was reduced by an average of 4.32 mSv (t=40.476).
>80 0 ! ! Box-and-whisker plots comparing CTDI, DLP, and
Cancer type  Breast 4 6 10 Effective Dose (ED) values between SECT and DECT
Colorectal 6 7 13 (Fig. 1). Each metric shows a clear reduction in radiation
Esophageal 3 0 12 exposure with DECT. The distributions confirm lower
Liver > 6 1 median values and narrower interquartile ranges for DECT
Lung 3 7 10 compared to SECT, supporting the statistical significance of
Ovarian 3 0 3 the dose reduction observed across all parameters.
Pancreatic 6 4 10 The comparison of dose reduction across genders
Prostate 0 0 o shows a slight trend toward greater reductions in male
Cancer stage 1 K 14 2 patients (Table 4). Mean values for both absolute and
1 7 12 19 percentage reductions in CTDI and DLP were marginally
It 3 ? 14 higher in males. However, ANOVA results revealed no
v 15 0 4 statistically significant differences, with p-values of 0.580
for CTDI reduction, 0.953 for DLP reduction, and similarly
Table 3 Abisolute Dose and Parameter SECT (Mean +SD) DECT (Mean +SD) Mean difference p-value
Image Quality Parameters
(SECT vs DECT) CTDI (mGy) 9.30+1.10 5.70+1.00 3.60 <0.001
DLP (mGy-cm) 8753+112.5 621.0+95.7 254.3 <0.001
Effective Dose (mSv) 12.3+2.0 8.0+1.5 4.3 <0.001
SNR 21.4+32 30.1+3.6 -8.7 <0.001
CNR 12.8+2.1 16.6+2.4 -39 <0.001
Boxplots of CTDI, DLP, and Effective Dose (ED) by Scanner Type
CTDI (mGy) _— DLP (mGy-cm) Effective Dose (mSv)
12 Q =
1100 1
10 1000 "
5° 5 °
G 2 800 %10
? &
6 700 1 8 °
600 6
s
° 500 4 5
DECT SECT DECT SECT DECT SECT

Fig. 1 Box-and-whisker plots comparing CTDI, DLP, and Effective Dose (ED) values

Table 4 Gender-Based
Comparison of Dose Reduction

Parameters

Parameter Female (Mean +SD) Male (Mean +SD) p-value
Percentage reduction in CTDI (%) 38.4+5.2 40.1+4.9 0.580
Percentage reduction in DLP (%) 29.8+6.1 30.2+6.4 0.953
Absolute CTDI reduction (mGy) 3.48+1.02 3.65+0.89 0.481
Absolute DLP reduction (mGy-cm) 243.7+58.6 258.9+54.3 0.580
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non-significant values for absolute dose metrics (p=0.481
and 0.580).

These findings indicate that although minor gender-
based differences are observable in the raw data, they do
not reach statistical significance, suggesting that radiation
dose reduction with DECT is consistent across male and
female patients.

Regarding image quality metrics, DECT demonstrated
significantly higher values, with a mean increase of 8.73 in
SNR (t=-20.814) and 3.86 in CNR (t=-19.396).

These findings provide robust statistical evidence that
DECT not only significantly reduces radiation dose com-
pared to SECT but also results in improved image quality in
terms of signal-to-noise and contrast-to-noise ratios.

ANOVA results for CTDI and DLP percentage reductions
yielded p-values of 0.580 and 0.953, respectively, suggest-
ing that gender does not significantly influence the extent of
dose reduction achieved with DECT.

Discussion

DECT has become an important diagnostic modality in
follow-up cancer patients. [6, 7, 9, 14].It has a lower radi-
ation exposure but requires shorter scan times and has a
high diagnostic yield. Follow-up imaging is needed in can-
cer patients and, although conventional single-energy CT
(SECT) is valuable, it exposes patients to high cumulative
radiation doses. DECT solves this problem by allowing the
radiologist to obtain better images at two different power
levels, thereby reducing the patient's total radiation exposure
without compromising the image. DECT is also capable of
generating virtual non-contrast (VNC) images; an improve-
ment that eliminates the need for multiple scanning phases.
Compared to conventional SECT, where patients received
both pre- and post-contrast scans, DECT's ability to con-
struct VNC images from a few contrast-enhanced images
eliminated the need for non-contrast acquisition. This results
in a reduction in the total radiation dose, which is especially
beneficial for cancer patients who require frequent imaging.
Cancer patients typically undergo multiple follow-up scans
over the years; therefore, it is important to minimize the
effects of radiation on their health [10-12, 14].

In addition to reducing radiation exposure, DECT there-
fore requires small volumes of contrast medium. The use
of iodinated contrast media is usually discouraged in can-
cer patients, as many of them, especially those undergoing
chemotherapy, may have impaired kidney function.

DECT offers better results than virtual monochrome
imaging (VMI), which aims to improve tissue contrast at
different energy levels. This improvement allows less con-
trast medium to be used during image development, while
obtaining better images. Minimizing the volume of contrast
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medium is important to avoid the development of contrast
nephropathy, which can worsen renal failure in predisposed
patients [15, 18, 20, 21, 23].

Although taking into account the possibility and advan-
tage of reducing the volume of iodinated contrast medium
administered (as reported in several articles in the litera-
ture), in our case the same amount was used in all examina-
tions, in relation to the weight of the patient; this allowed
an absolutely equal comparison between the examinations
performed with the two different equipment.

DECT also improves the detectability of lesions in cancer
surveillance follow-up and helps to improve their characteri-
zation, which can be useful in early cancer diagnosis and in
the development of the therapeutic plan. Pathological condi-
tions involving hypervascular lesions, including liver tumors
and some metastatic diseases, are well highlighted by DECT,
since lower energy levels improve the contrast of the lesion
compared to the surrounding tissues.Several studies have
shown that SECT is less effective in identifying hypovas-
cular lesions; therefore, hypovascular lesions, highlighted
with the help of DECT, will be considered valuable by a
significant number of users. This has improved visualiza-
tion, allowing radiologists to easily identify small lesions
and other related problems at an early stage, thus helping
to improve the intervention rate and, consequently, patient
outcome [1, 13, 16].

Image quality is an important parameter for reliable
DECT imaging, since dual-energy data processing is sen-
sitive to small variations in the Hounsfield unit. Key cri-
teria include spectral separation, temporal uniformity of
low- and high-energy data, temporal and spatial resolution
of CT images, and dose efficiency, enabling efficient DECT
imaging in clinical practice. Image quality can be improved
with dual-energy CT (DECT) compared to conventional
single-energy CT, especially in some clinical applications,
by reducing artefacts such as beam hardening or improv-
ing the visualization of iodinated contrast; however, its
performance may vary depending on the technique and the
specific application. Possible beam hardening artefacts are
minimized in DECT, which is an additional advantage of the
method. These artefacts, which are frequently observed in
SECT, occur in the presence of metal or dense bone around
the region of interest, which hinders imaging and diagnosis.
An additional advantage of DECT is that these artefacts are
minimized by using high-energy monoenergetic images, pro-
viding better representation of tumor margins. This is par-
ticularly useful for cancer patients who may have received
metal implants after surgery, as it allows for better and more
accurate treatment planning and follow-ups; However, this
aspect is more useful in the staging phase than in the follow-
up and for this reason, in our study, mainly focused on the
evaluation of dose reduction in oncological follow-up, it
does not represent a fundamental aspect [8, 13, 19, 21, 22].
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One notable methodological limitation of this study con-
cerns the use of a fixed tube current of 120 mA for SECT
acquisitions. This choice was made to maintain consistency
across patient scans; however, it does not align with stand-
ard CT best practices, which typically recommend the use
of automatic tube current modulation to ensure consistent
image quality across patients of varying body sizes. This
fixed current setting may have introduced some variability
in image quality depending on patient habitus. Neverthe-
less, it is important to highlight that the average CTDI value
observed in our SECT scans (9.3 + 1.1 mGy) is consist-
ent with values reported in the literature for protocols using
current modulation, and remains well below commonly
accepted diagnostic reference levels (DRLs) for chest and
abdominal CT examinations. Therefore, the potential impact
of this technical choice on the dose comparison between
SECT and DECT is considered limited.

Another aspect to consider is the tube voltage configura-
tion used in DECT acquisitions. The standard dual-energy
protocol in our study employed two simultaneously active
X-ray tubes set at 80 kVp and 140 kVp. This configura-
tion was applied uniformly to all patients, including those
with larger body habitus. It is important to note that modern
DECT systems, such as the one used in this study incorpo-
rate automated kV selection algorithms (CARE kV) and tube
current modulation that adapt scan parameters to patient size
and anatomy in real time, optimizing both spectral separa-
tion and image quality without requiring manual adjustment.

Although 80/140 kVp provides greater spectral separation
than 80/120 kVp, this setting is not necessarily inferior for
standard-sized patients. However, for larger patients, the use
of 80/140 kVp is generally preferred, as it enhances spectral
separation and improves penetration while maintaining suf-
ficient image quality. In our protocol, the 80/140 kVp set-
ting was chosen as a standard to ensure consistent spectral
performance across the entire study population. While this
may not represent a fully individualized approach, the auto-
mated adaptation of tube output and reconstruction algo-
rithms helped ensure diagnostic image quality in all cases.

The study demonstrates that dual-energy spectral CT
reduces radiation dose compared to conventional CT, with
statistically significant decreases in CT dose ratio (CTDI),
dose-length product (DLP), and effective dose. This reduc-
tion is consistent across all patients, indicating that dual-
energy spectral CT is an effective method to reduce radia-
tion exposure without compromising diagnostic quality. The
clinical contribution of this study is that dual-energy spectral
CT reduces radiation exposure compared to conventional
CT while maintaining diagnostic quality. This reduction in
radiation dose, as demonstrated by a lower CT dose ratio
(CTDI), dose-length product (DLP), and effective dose, may
help mitigate risks associated with radiation exposure, par-
ticularly in populations requiring frequent imaging, such as

cancer patients. The study found that the mean differences
in CTDI and DLP, 3.60 and 254.29, respectively, showed
substantial decreases, with p-values well below 0.001, dem-
onstrating a statistically significant difference in favor of
dual-energy spectral CT. Furthermore, the mean difference
in effective dose (4.32 mSv) further supports the reduction
in radiation exposure associated with dual-energy spectral
CT. Furthermore, the absence of significant gender differ-
ences in dose reduction underscores its broad applicability
to different patient groups, further strengthening its value
as a fundamental tool in modern diagnostic radiology. This
study supports healthcare professionals in making informed
decisions and optimizing imaging techniques, while reas-
suring patients and other providers in terms of reduced risk
from therapies.
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