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Abstract: Background: We aimed to compared radiation exposure and image quality between tin-
filter-based and standard dose thoraco-abdominal computed tomography angiography (TACTA)
protocols, aiming to address a gap in the existing literature. Methods: In this retrospective study,
ninety consecutive patients undergoing TACTA were included. Of these, 45 followed a routine
standard-dose protocol (ST100kV), and 45 underwent a low-dose protocol with a tin filter (TF100kV).
Radiation metrics were compared. The signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR),
and figure of merit (FOM) were calculated for the thoracic and abdominal aorta and right common
iliac artery. Two independent readers assessed the image noise, image contrast, sharpness, and
subjective image quality. Results: The mean dose for the TF100kV group was significantly lower
(DLP 128.25 + 18.18 mGy*cm vs. 662.75 £ 181.29, p < 0.001; CTDIvol 1.83 £ 0.25 mGy vs. 9.28 + 2.17,
p = 0.001), with an effective dose close to 2.3 mSv (2.31 & 0.33 mSv; p < 0.001). The TF100kV group
demonstrated greater dose efficiency (FOM, thoracic aorta: 36.70 & 22.77 vs. 13.96 4+ 13.18 mSv1,
p < 0.001) compared to the ST100kV group. Conclusions: Dedicated low-dose TACTA using a tin
filter can significantly reduce the radiation dose while maintaining sufficient diagnostic image quality.

Keywords: tin filter; thoraco-abdominal CT angiography; radiation exposure; image quality;
diagnostic imaging

1. Introduction

Computed tomography (CT) angiography of the thoraco-abdominal aorta is crucial
for diagnosing and managing acute, life-threatening aortic conditions, such as penetrating
atherosclerotic ulcers (PAU), aortic dissections (AD), and acute intramural hematomas
(IMH), among others. These conditions, often presenting with similar symptoms, can lead
to severe complications [1]. A comprehensive evaluation of these disorders necessitates
CT scans from the thoracic to the abdominal aorta, often including pre-contrast imaging.
Given the high levels of radiation exposure associated with multiple scans, minimizing the
radiation dose remains a critical concern.

Recent years have seen significant technological advancements in CT systems for
clinical use. Iterative reconstruction algorithms have now supplanted filtered back projec-
tion in CT image reconstruction [2,3]. In fact, all modern CT systems, irrespective of the
manufacturer, incorporate some form of pre-filtration. This pre-filtration strengthens the
beam and absorbs low-energy photons, which minimally contribute to the final image but
increase patient dose [4]. A notable innovation is the standard inclusion of an additional
built-in tin filter (TF) on the X-ray tube in all new CT systems [5]. This TF, especially at a
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fixed tube voltage of 100 kVp, effectively removes the majority of lower-energy photons
by utilizing a 0.6 mm thick layer, resulting in a mean photon energy of 78.7 keV. This
energy level is significantly higher compared to the mean energy of a standard 100 kVp
examination, which is 66.4 keV [6], indicating a substantial reduction in radiation dose.

While previous studies have primarily focused on ultralow dose chest CT, coronary
artery calcium scoring CT, and non-enhanced studies such as those for urinary calculi and
osteolytic lesions in cases of multiple myeloma [4,7-9], there have been reports of significant
radiation dose reduction without notable differences in image quality in abdominal-pelvic
CT (APCT) for oncological follow-up and chest-abdominal—pelvic (CAP) CT in patients
with colorectal cancer using contrast media [10,11]. However, the efficacy of TF-based
thoraco-abdominal aorta CT angiography (TACTA) compared to standard protocol TACTA
has not been comprehensively examined. This study, therefore, investigates the radiation
exposure and image quality of TF-based spectral-shaping TACTA in comparison to standard
protocols.

2. Materials and Methods

This study received approval from our institutional review board, which waived the re-
quirement for written informed consent due to its retrospective nature
(SEUMC 2023-11-003-001).

2.1. Patient Population

A retrospective, technical efficacy study was conducted on patients referred for CT
angiography of the thoraco-abdominal aorta. Our PACS database was reviewed from
December 2021 to February 2022. Referral indications included suspicion of acute aortic
syndrome, such as PAU, IMH, and AD, preoperative work-up in aortic aneurysm cases,
postoperative aortic aneurysm evaluation, and imaging of the renal and gastrointestinal
arteries. General exclusion criteria were an allergy to contrast media, mental incompetence,
known arrhythmias or other heart disorders, impaired renal function (estimated glomerular
filtration rate <60 mL/min), age below 18 years, and pregnancy or lactation.

Patient characteristics, including sex, age, height, weight, and body mass index (BMI),
were collected from electronic medical records. The study included a total of 90 con-
secutively registered BMI-matched patients. Two groups were formed, each compris-
ing 45 patients: one group underwent TACTA using a routine standard-dose protocol
(ST100kV), and the other underwent a low-dose protocol with a tin filter (TF100kV).
Advanced modeled iterative reconstruction with a strength level of 3 was applied in
both groups. To estimate radiation doses, dose parameters for each patient and acqui-
sition protocol were recorded. Volume CT dose index (CTDIvol), dose-length product
(DLP), and effective tube current (mAs) were extracted from the dose report and DICOM
data. The effective dose (ED) of CT was calculated using a method derived from the
European Working Group, employing the adult abdominopelvic CT weighting factor
(k=0.018 mSv mGy_1 em~ 1) [12].

2.2. CT Examinations

All patients underwent a single examination using a single-source CT system (Siemens
SOMATOM Force, Siemens Healthineers, Erlangen, Germany) at a fixed tube potential of
100 kVp, utilizing tube current modulation software (CareDose4D; Siemens Healthcare).
Each patient received a three-phase CT scan, comprising unenhanced, arterial, and delayed
phases. The unenhanced scans were performed first. For the arterial phase, a bolus-
triggering technique was employed, initiating the scan 12 s after reaching a trigger threshold
of 100 HU at the abdominal aorta. This phase used 120 mL of contrast medium (Omnihexol
350 mg I/mL; 600 mg I/kg based on a 70 kg standard) injected intravenously at a rate
of 4 mL/s using an automatic power injector. The delayed phases were obtained 180 s
after the administration of the contrast medium. Both the TF100kV and ST100kV protocols
covered the entire CAP area, ranging from the upper level of the thyroid to the great
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trochanter. By default, the images from both the TF100kV and ST100kV protocols were
reconstructed with a slice thickness of 2.0 mm and without any interslice gap.

2.3. Qualitative Analysis

All 90 thoraco-abdominal aorta CT examinations were evaluated by two radiologists,
each with significant experience in abdominal CT interpretation (one with 14 years and the
other with 7 years of experience), and both were blinded for peer review. All reviews were
conducted on our clinical Picture Archiving and Communication System (PACS, INFINITT
Healthcare, Seoul, Republic of Korea). Subjective assessments of image noise, overall
image quality, image contrast, and sharpness were evaluated (Table 1). Image contrast was
assessed by examining the differentiation between the superior mesenteric artery (SMA)
and mesentery, specifically focusing on the depiction of the segmental branch level of the
SMA, using a 5-point scale. Image sharpness was evaluated by examining the clarity of
the liver contour, also using a 5-point scale. Similarly, the overall image quality was rated
using a 5-point scale.

Table 1. Qualitative image quality evaluation criteria.

. Image Contrast, Subjective Image
Score Image Noise .
Sharpness Quality
1 Unacceptable noise Very poor Issues affecting diagnostic information
Major issues affecting visualization of
2 Above-average increased noise Suboptimal major structures but diagnosis still
possible
3 Average noise in an acceptable Average Minor issues possibly interfering with
image & diagnostic decision making
. Above Minor issues not interfering with
4 Less-than average noise . . . .
Average diagnostic decision making
5 Minimum or no image noise Excellent Excellent image quality without related

issues of concern

2.4. Quantitative Analysis

A radiologist with seven years of experience in abdominal radiology (blinded for peer
review) conducted a quantitative analysis to determine the noise, contrast-to-noise ratio
(CNR), and signal-to-noise ratio (SNR). To assess CNR and SNR, one region of interest
(ROI) was drawn on the vessel (ROIvessel) and a second ROI within the muscle at the
same slice location (ROImuscle) on the arterial phase image. These ROls, with an area of
1-3 cm?, were placed manually at three different locations: the thoracic aorta (aortic arch
level), abdominal aorta (celiac os level), and right common iliac artery (CIA). The mean
standard deviation (SD) of the three vessel ROI measurements represents the image noise.

SNRvessel = ROIvessel /standard deviation (ROIvessel)

CNRvessel = (ROIvessel — ROImuscle)/standard deviation (ROIvessel)

A figure of merit (FOM) was calculated as CNR2/effective dose [13] to compare dose
efficiency between the two acquisition protocols.

For the estimation of vessel sharpness (VS) [14], a line profile perpendicular to the
proximal SMA within 2 cm from the SMA os was generated using FIJI's [15] “Line Profile”
function (Figure 1). The slope of the regression line for the anterior vessel border (sloperise)
and the posterior vessel border (slopefall) was calculated with Excel’s built-in “slope func-
tion”. The mean of the sloperise and the absolute value of the slopefall were calculated to
report quantitative numbers for VS. The proximal SMA was chosen for its good delineation
due to the surrounding mesenteric fat, making it suitable for evaluating vessel sharpness.



J. Clin. Med. 2024, 13, 996 40f 10

All patients were measured with a window width of 400 HU and a window level of 60 HU
in the arterial phase.

Vessel sharpness = mean (sloperise + abs(slopefall))
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Figure 1. Representative example of a thoraco-abdominal aorta computed tomography angiography
(a) (in this case arterial phase scan) used for quantitative image quality analysis. Based on a line
profile perpendicular (red line) to the proximal SMA, vessel sharpness and FWHM values were
derived (b). Representative example of ROI placement on source images for signal-to-noise ratio
(SNR) and contrast-to-noise ratio (CNR) measurements (c).

The Full-Width at Half Maximum (FWHM) edge criterion is a quantitative metric
that provides a reliable and robust estimation of a vessel lumen’s edge by defining the
boundary at a 50% intensity level between the maximum (lumen) and minimum (tissue).
This criterion allows for accurate detection of the vessel lumen and derivation of vessel
parameters such as diameter or cross-sectional area [16,17]. To generate FWHM values, the
line profile from the proximal SMA computed with FIJI’s “Line Profile” function was used.
The length (in millimeters) at the half maximum of the line profile curve was measured to
reveal the FWHM value.

2.5. Statistical Analysis

Continuous variables are presented as mean =+ standard deviation and were compared
using Student’s t-test. Categorical variables were analyzed using the chi-squared test or



J. Clin. Med. 2024, 13, 996

50f 10

Fisher’s exact test where appropriate. p < 0.05 was considered statistically significant. Dose
parameters, overall image quality, and quantitative measurements, including CNR, SNR,
FOM, VS, and FWHM, were compared using an independent ¢-test for parametric analysis.

Inter-reader agreement for the readers’ scores was assessed using a linear weighted
kappa (k) statistic for qualitative analysis of image quality. The agreement was catego-
rized as follows: 0-0.2 (poor), 0.21-0.40 (fair), 0.41-0.60 (moderate), 0.61-0.80 (good), and
0.81-1.00 (excellent). All statistical analyses were performed using commercially available
software (IBM SPSS Statistics for Windows, v. 26.0; IBM, Armonk, NY, USA; or MedCalc,
v. 19.2.1; MedCalc, Marikerke, Belgium).

3. Results

The demographic characteristics of the study population and radiation dose estimates
are presented in Table 2. There were no significant differences between the two cohorts in
terms of age (p = 0.583), sex (p = 1.000), or BMI (p = 0.857). However, the CT findings for
TACTA varied significantly between the groups (p = 0.001). Notably, there were various
findings, such as aortic aneurysms, acute aortic syndromes, and cases requiring postoper-
ative follow-up after aortic surgery, which necessitated the scans. In the TF100kV group,
two cases following EVAR procedures exhibited endoleaks, and two cases necessitated
emergency TEVAR due to thoracic aorta dissection (Figure 2).

Table 2. Study participant demographics and radiation dose estimates in both cohorts.

Variables TF100kV ST100kV P
No. of participants 45 (50) 45 (50) 1.000
Sex (%) 1.000
Male 27 (60) 27 (60)
Female 18 (40) 18 (40)
Mean age, years (range) 69.8 =124 68.1 =16.4 0.583
Body mass index (kg/cmz) 24.15 +3.72 24.30 = 4.00 0.857
CT findings 0.001
Aortic aneurysm 11 (24.4) 4(8.9)
Acute aortic syndrome 5(11.1) 5(11.1)
Postoperative follow up 18 (40.0) 5(11.1)
Atherosclerosis 7 (15.6) 20 (44.4)
Bleeding 1(2.2) 7 (15.6)
etc. 3(6.7)2 4(89)°
Radiation dose estimates
DLP (mGy*cm) 128.25 + 18.18 662.75 + 181.29 <0.001
CTDIvol (mGy) 1.83 £ 0.25 9.28 +2.17 0.001
ED (mSv) 2.31 +0.33 11.93 + 3.26 <0.001
mAs (mGy) 428.71 £ 61.81 376.20 + 25.73 <0.001

2 includes superior mesenteric artery dissection (1 = 1), vasculitis (n = 1), and enterocolitis (n = 1), and b includes
enterocolitis (1 = 3) and cardiomegaly (1 = 1). Abbreviation: CTDIvol, volume CT dose index; DLP, dose-length
product; ED, effective dose; mAs, effective tube current.

All radiation dose estimate factors exhibited significant differences between the two
groups. The mean CTDIvol was 1.83 £ 0.25 mGy for the TF100kV protocol, markedly
lower than the 9.28 & 2.17 mGy for the ST100kV protocol, a difference that was statistically
significant (p = 0.001). Similarly, the mean DLP for the TF100kV protocol was significantly
lower than that of the ST100kV protocol (128.25 £ 18.18 mGy cm vs. 662.75 £ 181.29 mGy
cm, p < 0.001). The mean effective dose followed this trend, with 2.31 & 0.33 mSv for the
TF100kV protocol compared to 11.93 £ 3.26 mSv for the ST100kV protocol (p < 0.001),
representing an 80.6% reduction in dose when using the TF100kV protocol vs. the ST100kV
protocol (Table 2 and Figure 2). Contrary to these factors, the mAs for the TF100kV protocol
was significantly higher, at 428.71 4 61.81, compared to 376.20 £ 25.73 for the ST100kV
protocol (p < 0.001).
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Figure 2. Box and whisker diagrams of DLP, CTDIvol, ED, VS, FWMH for the tin-filtered 100 kV
(TF100kV) and standard 100 kV (ST100kV) protocols.

In the qualitative analysis, there was no significant difference in image noise, overall
image quality, or vessel sharpness between the groups, regardless of the presence or absence
of a filter (Table 3). The mean scores for image noise and contrast and sharpness in the
ST100kV group were significantly higher than those in the TF100kV group. Specifically,
for image noise, the scores were 4.34 = 0.58 vs. 3.86 £ 0.89 (p = 0.026), and for contrast
and sharpness, 4.37 £ 0.57 vs. 3.93 £ 0.74 (p = 0.008), respectively. The inter-reader
agreement between the two reviewers was moderate to good, or even excellent, for image
noise (k: 0.535) and image sharpness (k: 0.785). The score of subjective image quality in
the ST100kV group was also higher than that in the TF100kV group, but statistically no
significance was found. The mean scores were 4.04 & 0.77 vs. 4.22 + 0.62 (p = 0.232),
respectively. The inter-reader agreement between the two reviewers was good for image
noise (k: 0.693).

Table 3. Qualitative analysis of the two image sets.

Qualitative Analysis TF100kV ST100kV p Value Kappa
Reader 1 3.87 £0.89 433 £ 0.64 0.013 0.535
Image noise Reader 2 3.84 +0.93 4.36 + 0.57 0.002
Reader mean 3.86 £ 0.89 4.34 £+ 0.58 0.026
Contrast and vessel Reader 1 3.89 £0.78 4.36 + 0.65 0.004 0.785
sharpness Reader 2 4.00 £ 0.80 4.38 £ 0.61 0.067
P Reader mean 3.93 £0.74 437 £0.57 0.008
Reader 1 4.07 £0.78 4.20 £0.63 0.374 0.693
Subjective image quality Reader 2 4.02+0.81 4.24 + 0.65 0.154
Reader mean 4.04 £0.77 422 £ 0.62 0.232

In the quantitative image analysis, the SNRs of the thoracic and abdominal aorta
and the CIA were significantly higher for the ST100kV protocol compared to those for the
TF100kV  protocol. Specifically, the thoracic aorta showed an SNR of
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2316 + 8.52 wvs. 1827 £ 389 (p = 0.001), the abdominal aorta had
1813 £ 539 s 1595 + 329 (p = 0.023), and the CIA had
22.25 £ 8.19 vs. 17.62 £ 4.93 (p = 0.002), respectively. The CNRs for the thoracic and abdom-
inal aorta and CIA were also significantly higher for the ST100kV protocol than those for the
TF100kV protocol: thoracic aorta at 19.72 £ 7.25 vs. 15.22 & 3.68 (p < 0.001), abdominal aorta
at 1552 + 488 s 1325 + 488 (p = 0011), and CIA at
18.76 = 7.02 vs. 14.37 £ 4.47 (p = 0.001), respectively. However, the mean FOMs for the tho-
racic and abdominal aorta and CIA were significantly higher for the TF100kV protocol than
those for the ST100kV protocol thoracic aorta at
3670 £ 22.77 mSv~! vs. 13.96 + 13.18 mSv~! (p < 0.001), abdominal aorta at
27.89 + 15.65 mSv ! vs. 7.94 + 4.82 mSv~! (p < 0.001), and CIA at 34.59 + 27.02 mSv ! vs.
12.56 + 11.55 mSv ! (p < 0.001), respectively. VS and FWHM at the proximal SMA were
significantly higher for the ST100kV protocol (VS: 64.23 £ 8.12 vs. 58.50 & 10.06, p = 0.004;

FWHM: 6.59 + 0.89 vs. 5.89 £ 1.10, p = 0.001, respectively) (Table 4).

Table 4. Quantitative analysis of the two image sets.

Quantitative

. Location TF100kV ST100kV p Value
Analysis

Thoracic aorta 18.27 + 3.89 23.16 4+ 8.52 0.001
SNR Abdominal aorta 15.95 + 3.29 18.13 £5.39 0.023
Right CIA 17.62 £4.93 22.25 + 8.19 0.002

Thoracic aorta 15.22 + 3.68 19.72 £ 7.25 <0.001
CNR Abdominal aorta 13.25 £+ 4.88 15.52 + 4.88 0.011
Right CIA 14.37 +4.47 18.76 £ 7.02 0.001

Thoracic aorta 36.70 & 22.77 13.96 + 13.18 <0.001

FOM (mSv‘l) Abdominal aorta 27.89 + 15.65 7.94 + 4.82 <0.001
Right CIA 34.59 4+ 27.02 12.56 + 11.55 <0.001
VS Proximal SMA 58.50 4 10.06 64.23 +8.12 0.004
FWHM Proximal SMA 5.89 £1.10 6.59 + 0.89 0.001

4. Discussion

The findings of our study indicate that implementing tin filtration in TACTA for
aortic or arterial disease evaluation can result in an 80.6% reduction in radiation dose
compared to the ST100kV. This reduction aligns with the 32-89% range reported in previous
studies utilizing a TF, underscoring the significant impact of a TF in lowering radiation
doses [4,7-11]. In terms of quantitative analysis, the SNR, CNR, VS, and FWHM were
significantly higher in the ST100kV group than those in the TF100kV group (p < 0.001).
However, the FOM was notably higher in the TF100kV group for both the thoracic and
abdominal aorta as well as the right CIA, indicating greater dose efficiency in the TF100kV
group compared to that in the ST100kV group. Additionally, subjective image quality
factors of qualitative analysis showed no significant differences between the TF100kV
and ST100kV groups in our study. This suggests that, despite a general decline in both
quantitative and qualitative factors, there is no substantial shortfall in achieving better dose
efficiency and in maintaining a distinct standard in interpretation.

In light of recent advancements, our study aligns with earlier research that uti-
lized TF in CT scans and employed contrast agents for image enhancement. While
Leyendecker et al. [10] reported no significant differences in CNR or background noise
between the TF100kV and standard contrast-enhanced APCT protocols, Kimura et al. [11]
observed a lower CNR and increased background noise with the TF100kV protocol. These
variances could be due to differences in CT scanner technologies, protocol standardization,
and the use of a third-generation dual-source CT system in the studies by Leyendecker et al.
Notably, our study achieved a radiation dose reduction of 80.6%, comparable to the reduc-
tions of 81.0% and 89.2% reported in previous research, without significant compromise in
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qualitative image analysis. Contrasting with earlier studies that predominantly focused
on cancer patients and the assessment of solid organ or bone tumors, our study broadens
the scope to include arterial and aortic diseases. Remarkably, despite incorporating a TF,
we observed no qualitative differences in image quality, underscoring the effectiveness of
a TF in these applications. Although some studies have been conducted using a tin filter,
the advantage of significantly reducing the radiation dose without compromising image
quality to a readable level suggests that it could be beneficial for radiation-sensitive organs
or women of childbearing age. However, further research is needed in this area.

The pivotal findings of our retrospective study highlight that using Sn 100 kVP is
comparable to standard protocols in diagnosing aortic or arterial diseases and preoperative
planning. This comparability considers objective parameters, dose exposure, and clinical
implications. In our cohort, 40% of patients undergoing either endovascular or surgical
repair for acute aortic syndrome encountered no challenges in postoperative assessments,
such as detecting endoleaks, even when TACTA with a TF was used. Prior studies also
confirm the efficacy of TF in reducing metal artifacts without degrading image quality
or increasing the dose [18]. These benefits are particularly significant in postoperative
vascular lesion assessments, even in the presence of stents or stent grafts (Figure 3).

Figure 3. Examples of third-generation dual-source computed tomography clinical applications
include Sn100 spectral shaping in a patient with a type II endoleak following endovascular aneurysm
repair (EVAR). After EVAR for an abdominal aorta aneurysm, there appeared to be contrast media
leakage inside the aneurysm sac, suggesting an endoleak (a). The patient was suspected to have
an accompanying aneurysmal sac rupture and thus underwent embolization. During aortography,
contrast leakage was observed in the delayed phase (b). This seemed to originate from the right
iliolumbar artery, and embolization was performed using Onyx after selection (c). A follow-up was
conducted two days later using the Sn100kV protocol, where the radiopaque Onyx was visible, and
no further contrast media leakage was observed (d).

Moreover, our evaluation approach expanded beyond conventional methods by in-
corporating VS and FWHM measurements for the first time in a study involving a TF.
However, it was observed that these metrics were significantly lower when compared to
those obtained using ST100kV. This is likely due to the method of measuring the VS by
drawing a linear line on the SMA, which is influenced by various factors such as noise and
contrast. In our study, it seems competitive that the TF100kV group showed significantly
lower VS and FWHM, likely due to increased noise and decreased contrast.
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Our study had several limitations that warrant consideration. Firstly, it was conducted
as a single-center retrospective study with a relatively small cohort size. Secondly, our
study did not evaluate the diagnostic confidence and accuracy of spectral filtration in
aortic disease, as we did not perform tests on the same patients for both the control and
study groups. Additionally, we did not measure diagnostic accuracy based on factors such
as BMI, type of lesion, and presence or absence of lesions. The nature of aortic diseases
often necessitates immediate intervention, with many cases proceeding directly to surgery
following CT imaging. Conducting both a standard dose protocol and a TF low-dose
protocol on the same patient would substantially increase radiation exposure. Hence, we
opted to compare the TF protocol with a different control group. Future research should
focus on assessing the diagnostic performance of TF protocols. Thirdly, minor differences
in image quality between the two protocols, such as a blurring appearance in TF images,
may have impacted the blinding of the readers. A follow-up study should assess subjective
image quality, possibly by employing different reconstruction kernels tailored to the organs
being studied.

5. Conclusions

In conclusion, a dedicated low-dose TACTA protocol utilizing a tin filter can achieve a
significant reduction in radiation dose while preserving adequate diagnostic image quality.

Author Contributions: Conceptualization, C.H.O.; methodology, C.H.O. and S.B.C.; data curation,
C.H.O. and HK,; writing—original draft preparation, C.H.O. and S.B.C.; writing—review and
editing, C.H.O. and S.B.C.; visualization, C.H.O. and H.K.; supervision, C.H.O. and S.B.C.; project
administration, C.H.O. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Ewha Womans University Research Grant of 2021.

Institutional Review Board Statement: The study was conducted in accordance with the Dec-
laration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
Ewha Womans Seoul University Hospital (protocol code SEUMC 2023-11-003-001 and date of
approval 30 November 2023).

Informed Consent Statement: This retrospective, single-center study was approved by the institu-
tional review board, which waived the need for obtaining informed consent from the patients.

Data Availability Statement: All data are available through the corresponding authors.

Conflicts of Interest: The authors declare that they have no competing interests.

References

1.

Hiratzka, L.F,; Bakris, G.L.; Beckman, J.A.; Bersin, R.M.; Carr, V.F; Casey, D.E,, Jr.; Eagle, K.A.; Hermann, L.K,; Isselbacher,
E.M.; Kazerooni, E.A.; et al. 2010 ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM guidelines for the diagnosis and
management of patients with thoracic aortic disease: A report of the American college of cardiology foundation/American heart
association task force on practice guidelines, American association for thoracic surgery, American college of radiology, American
stroke association, society of cardiovascular anesthesiologists, society for cardiovascular angiography and interventions, society
of interventional radiology, society of thoracic surgeons, and society for vascular medicine. Circulation 2010, 121, e266—e369.
[PubMed]

Willemink, M.J.; Noél, P.B. The evolution of image reconstruction for CT—From filtered back projection to artificial intelligence.
Eur. Radiol. 2019, 29, 2185-2195. [CrossRef] [PubMed]

Greffier, J.; Frandon, J.; Larbi, A.; Beregi, J.P.; Pereira, F. CT iterative reconstruction algorithms: A task-based image quality
assessment. Eur. Radiol. 2020, 30, 487-500. [CrossRef] [PubMed]

Greffier, J.; Pereira, F; Hamard, A.; Addala, T.; Beregi, J.; Frandon, ]. Effect of tin filter-based spectral shaping CT on image quality
and radiation dose for routine use on ultralow-dose CT protocols: A phantom study. Diagn. Interv. Imaging 2020, 101, 373-381.
[CrossRef] [PubMed]

Braun, EM.; Johnson, T.R.; Sommer, W.H.; Thierfelder, K.M.; Meinel, EG. Chest CT using spectral filtration: Radiation dose,
image quality, and spectrum of clinical utility. Eur. Radiol. 2015, 25, 1598-1606. [CrossRef] [PubMed]

Haubenreisser, H.; Meyer, M.; Sudarski, S.; Allmendinger, T.; Schoenberg, S.O.; Henzler, T. Unenhanced third-generation
dual-source chest CT using a tin filter for spectral shaping at 100 kVp. Eur. ]. Radiol. 2015, 84, 1608-1613. [CrossRef] [PubMed]


https://www.ncbi.nlm.nih.gov/pubmed/20233780
https://doi.org/10.1007/s00330-018-5810-7
https://www.ncbi.nlm.nih.gov/pubmed/30377791
https://doi.org/10.1007/s00330-019-06359-6
https://www.ncbi.nlm.nih.gov/pubmed/31359122
https://doi.org/10.1016/j.diii.2020.01.002
https://www.ncbi.nlm.nih.gov/pubmed/32008994
https://doi.org/10.1007/s00330-014-3559-1
https://www.ncbi.nlm.nih.gov/pubmed/25515204
https://doi.org/10.1016/j.ejrad.2015.04.018
https://www.ncbi.nlm.nih.gov/pubmed/26001437

J. Clin. Med. 2024, 13, 996 10 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

Apfaltrer, G.; Albrecht, M.H.; Schoepf, U.]J.; Duguay, T.M.; De Cecco, C.N.; Nance, ].W.; De Santis, D.; Apfaltrer, P; Eid, M.H.;
Eason, C.D,; et al. High-pitch low-voltage CT coronary artery calcium scoring with tin filtration: Accuracy and radiation dose
reduction. Eur. Radiol. 2018, 28, 3097-3104. [CrossRef] [PubMed]

Tesche, C.; De Cecco, C.N.; Schoepf, U.J.; Duguay, T.M.; Albrecht, M.H.; De Santis, D.; Varga-Szemes, A.; Lesslie, VW.,;
Ebersberger, U.; Bayer, R.R.; et al. CT coronary calcium scoring with tin filtration using iterative beam-hardening calcium
correction reconstruction. Eur. J. Radiol. 2017, 91, 29-34. [CrossRef] [PubMed]

Mozaffary, A.; Trabzonlu, T.A.; Kim, D.; Yaghmai, V.J.A. Comparison of tin filter-based spectral shaping CT and low-dose
protocol for detection of urinary calculi. Am. J. Roentgenol. 2019, 212, 808-814. [CrossRef] [PubMed]

Leyendecker, P.; Faucher, V.; Labani, A.; Noblet, V.; Lefebvre, F.; Magotteaux, P.; Ohana, M.; Roy, C. Prospective evaluation of
ultra-low-dose contrast-enhanced 100-kV abdominal computed tomography with tin filter: Effect on radiation dose reduction
and image quality with a third-generation dual-source CT system. Eur. Radiol. 2019, 29, 2107-2116. [CrossRef] [PubMed]
Kimura, K.; Fujioka, T.; Mori, M.; Adachi, T.; Hiraishi, T.; Hada, H.; Ishikawa, T.; Tateishi, U. Dose reduction and diagnostic
performance of tin filter-based spectral shaping CT in patients with colorectal cancer. Tormography 2022, 8, 1079-1089. [CrossRef]
[PubMed]

American Association of Physicists in Medicine. The Measurement, Reporting, and Management of Radiation Dose in CT; AAPM
Report; American Association of Physicists in Medicine: Alexandria, VA, USA, 2008.

Marin, D.; Nelson, R.C.; Schindera, S.T.; Richard, S.; Youngblood, R.S.; Yoshizumi, T.T.; Samei, E. Low-tube-voltage, high-tube-
current multidetector abdominal CT: Improved image quality and decreased radiation dose with adaptive statistical iterative
reconstruction algorithm—Initial clinical experience. Radiology 2010, 254, 145-153. [CrossRef] [PubMed]

Lohofer, EK.; Kaissis, G.A.; Rasper, M.; Katemann, C.; Hock, A.; Peeters, ].M.; Schlag, C.; Rummeny, E.J.; Karampinos, D.; Braren,
R.F. Magnetic resonance cholangiopancreatography at 3 Tesla: Image quality comparison between 3D compressed sensing and
2D single-shot acquisitions. Eur. ]. Radiol. 2019, 115, 53-58. [CrossRef] [PubMed]

Sartoretti, T.; Reischauer, C.; Sartoretti, E.; Binkert, C.; Najafi, A.; Sartoretti-Schefer, S. Common artefacts encountered on images
acquired with combined compressed sensing and SENSE. Insights Imaging 2018, 9, 1107-1115. [CrossRef] [PubMed]

Merkx, M.A.; Bescds, J.O.; Geerts, L.; Bosboom EM, H.; van de Vosse, EN.; Breeuwer, M. Accuracy and precision of vessel area
assessment: Manual versus automatic lumen delineation based on full-width at half-maximum. J. Magn. Reson. Imaging 2012,
36, 1186-1193. [CrossRef] [PubMed]

Ikemura, A.; Yuki, I.; Suzuki, H.; Suzuki, T.; Ishibashi, T.; Abe, Y.; Urashima, M.; Dahmani, C.; Murayama, Y. Time-resolved
magnetic resonance angiography (TR-MRA) for the evaluation of post coiling aneurysms: A quantitative analysis of the residual
aneurysm using full-width at half-maximum (FWHM) value. PLoS ONE 2018, 13, €0203615. [CrossRef] [PubMed]

Jeong, S.-H.; Lee, S.-].; Jin, H.-M.; Kim, J.-H.; Jeong, H.-J. The study about metal artifact reduction by using Tin-Filter in CT scan.
Korean Soc. Comput. Tomogr. Technol. 2019, 21, 45-5118. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00330-017-5249-2
https://www.ncbi.nlm.nih.gov/pubmed/29404770
https://doi.org/10.1016/j.ejrad.2017.03.011
https://www.ncbi.nlm.nih.gov/pubmed/28629567
https://doi.org/10.2214/AJR.18.20154
https://www.ncbi.nlm.nih.gov/pubmed/30673337
https://doi.org/10.1007/s00330-018-5750-2
https://www.ncbi.nlm.nih.gov/pubmed/30324392
https://doi.org/10.3390/tomography8020088
https://www.ncbi.nlm.nih.gov/pubmed/35448722
https://doi.org/10.1148/radiol.09090094
https://www.ncbi.nlm.nih.gov/pubmed/20032149
https://doi.org/10.1016/j.ejrad.2019.04.002
https://www.ncbi.nlm.nih.gov/pubmed/31084759
https://doi.org/10.1007/s13244-018-0668-4
https://www.ncbi.nlm.nih.gov/pubmed/30411279
https://doi.org/10.1002/jmri.23752
https://www.ncbi.nlm.nih.gov/pubmed/22826150
https://doi.org/10.1371/journal.pone.0203615
https://www.ncbi.nlm.nih.gov/pubmed/30192859
https://doi.org/10.31320/JKSCT.2019.21.1.45

	Introduction 
	Materials and Methods 
	Patient Population 
	CT Examinations 
	Qualitative Analysis 
	Quantitative Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

