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ABSTRACT

Purpose To investigate reduction of radiation exposure in un-

enhanced CT in suspicion of renal calculi using a tin-filtered

high tube voltage protocol compared to a standard low-dose

protocol without spectral shaping.

Materials and Methods A phantom study using 7 human re-

nal calculi was performed to test both protocols. 120 conse-

cutive unenhanced CT examinations performed due to suspi-

cion of renal calculi were included in this retrospective,

monocentric study. 60 examinations were included with the

standard-dose protocol (SP) (100 kV/130mAs), whereas an-

other 60 studies were included using a low-dose protocol

(LD) applying spectral shaping with tin filtration of high tube

voltages (Sn150 kV/80mAs). Image quality was assessed by

two radiologists in consensus blinded to technical parameters

using an equidistant Likert scale ranging from 1–5 with

5 being the highest score. Quantitative image quality was as-

sessed using regions of interest in abdominal organs, muscles,

and adipose tissue to analyze image noise and signal-to-noise

ratios (SNR). Commercially available dosimetry software was

used to determine and compare effective dose (ED) and size-

specific dose estimates (SSDEmean).

Results All seven renal calculi of the phantom could be de-

tected with both protocols. There was no difference regarding

calcluli size between the two protocols except for the smallest

one. The smallest concretion measured 1.5 mm in LD

and 1.0 mm in SP (ground truth 1.5 mm). CTDIvol was

3.36mGy in LD (DLP: 119.3 mGycm) and 8.27mGy in SP

(DLP: 293.6 mGycm). The mean patient age in SP was

47 ± 17 years and in LD 49 ± 13 years. Ureterolithiasis was

found in 33 cases in SP and 32 cases in LD. The median con-

cretion size was 3mm in SP and 4mm in LD. The median ED

in LD was 1.3mSv (interquartile range (IQR) 0.3mSv) compar-

ed to 2.3mSv (IQR 0.9mSv) in SP (p < 0.001). The SSDEmean

of LD was also significantly lower compared to SP with

2.4 mGy (IQR 0.4 mGy) vs. 4.8 mGy (IQR 2.3 mGy)

(p < 0.001). The SNR was significantly lower in LD compared

to SP (p < 0.001). However, there was no significant difference

between SP and LD regarding the qualitative assessment of

image quality with a median of 4 (IQR 1) for both groups

(p = 0.648).

Conclusion Tin-filtered unenhanced abdominal CT for the

detection of renal calculi using high tube voltages leads to a

significant reduction of radiation exposure and yields high

diagnostic image quality without a significant difference com-

pared to the institution’s standard of care low-dose protocol

without tin filtration.

Key Points:
▪ Tin-filtered CT for the detection of renal calculi signifi-

cantly reduces radiation dose.

▪ The application of tin filtration provides comparable

diagnostic image quality to that of SP protocols.

▪ An increase in image noise does not hamper diagnostic

image quality.
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ZUSAMMENFASSUNG

Ziel Ziel dieser Studie war die Untersuchung der Strahlendo-

sisreduktion in der nativen Computertomografie (CT) bei

Verdacht auf Nephro- und Urolithiasis mittels additiver Zinn-

Filterung im Vergleich zum Standardprotokoll ohne spektrale

Filterung.

Material und Methoden Es wurde eine Phantomstudie mit

7 humanen Nierensteinen durchgeführt. Zusätzlich wurden

120 konsekutive, native CT-Untersuchungen, die aufgrund

des Verdachts auf Nierensteine durchgeführt wurden, in diese

retrospektive, monozentrische Studie aufgenommen.

60 Untersuchungen wurden mit dem Standarddosisprotokoll

(SP) (100 kV/130 mAs) durchgeführt, während weitere

60 Untersuchungen mit einem Niedrigdosisprotokoll (LD) mit

additiver Zinn-Filterung (Sn150 kV/80mAs) durchgeführt

wurden. Die Bildqualität wurde in consensus durch 2 Radiolo-

gen (verblindet für die Akquisitionstechnik) anhand einer

äquidistanten Likert-Skala von 1 bis 5 bewertet (5 = sehr gut).

Die quantitative Bildqualität wurde mittels Region-of-inter-

est-Analysen in den Bauchorganen sowie im Muskel- und Fett-

gewebe beurteilt und in Form des Bildrauschens und des Sig-

nal-Rausch-Verhältnisses (SNR) verglichen. Zur Analyse der

Strahlendosis-Exposition kam eine kommerziell erhältliche

Dosimetrie-Software zum Einsatz.

Ergebnisse Alle 7 Nierensteine des Phantoms konnten mit

beiden Protokollen nachgewiesen werden. Hinsichtlich der

Größe der Konkremente gab es keinen Unterschied zwischen

den beiden Protokollen, mit Ausnahme des kleinsten Konkre-

ments. Das kleinste Konkrement maß 1,5 mm in LD und

1,0 mm in SP (Ground Truth 1,5 mm). CTDIvol betrug

3,36mGy in LD (DLP: 119,3 mGycm) und 8,27mGy in SP

(DLP: 293,6 mGycm). Das mittlere Patientenalter bei SP be-

trug 47 ± 17 Jahre und bei LD 49 ± 13 Jahre. Eine Ureterolithia-

sis wurde in 33 Fällen bei SP und in 32 Fällen bei LD gefunden.

Die mediane Größe des Konkrements betrug 3mm bei SP und

4mm bei LD. Die mediane effektive Dosis (ED) bei LD betrug

1,3mSv (Interquartilenabstand (IQR) 0,3mSv) im Vergleich zu

2,3mSv (IQR 0,9mSv) bei SP (p < 0,001). Die Schätzung der

diameterkorrigierten Dosis (SSDEmean) bei LD war mit

2,4 mGy (IQR 0,4 mGy) im Vergleich zu 4,8 mGy (IQR

2,3mGy) bei SP ebenfalls signifikant niedriger (p < 0,001).

SNR war bei LD im Vergleich zur SP signifikant niedriger

(p < 0,001). Hinsichtlich der qualitativen Beurteilung der

Bildqualität gab es jedoch keinen signifikanten Unterschied

zwischen SP und LD mit einem Median von 4 (IQR 1) für beide

Gruppen (p = 0,648).

Schlussfolgerung Die native CT mit additiver Zinn-Filterung

zur Detektion von Nierensteinen führt zu einer signifikanten Re-

duktion der Strahlendosis im Vergleich zum Standard Low-Dose-

Protokoll bei gleichbleibender diagnostischer Aussagekraft.

Kernaussagen:
▪ Signifikante Reduktion der Strahlendosis mittels Zinn-

gefilterter CT zur Detektion von Nierensteinen

▪ Vergleichbare diagnostische Aussagekraft der Niedrig-

dosis-CT trotz Anwendung von Zinn-Filterung

▪ Keine Kompromittierung der diagnostischen Bildqualität

durch Anstieg des Bildrauschens

Introduction

Nephrolithiasis is a common disease with a reported prevalence in
the Western world ranging from 1–20 % [1–3]. Despite clinical
symptoms, medical history, and laboratory results, imaging plays
a pivotal role in the diagnosis of nephrolithiasis and urolithiasis.
The imaging modalities that are primarily involved are ultrasound
(US) and unenhanced computed tomography (CT) [1]. Other ima-
ging methods such as kidney-ureter-bladder radiography or intra-
venous radiography are currently not the first choice despite their
relatively high sensitivity and specificity [1, 3]. US is a relatively
cost-effective and vastly available method with good specificity,
but low sensitivity [1, 4]. Furthermore, an overestimation of stone
size was reported using ultrasound [4]. The superiority of unen-
hanced CT compared to intravenous urography has already been
demonstrated [5]. Due to the fast and less invasive imaging pro-
cess, CT is well suited for the diagnosis of nephro- and urolithiasis
by providing the exact location of the concretion and is therefore
considered to be the reference standard [1, 6, 7]. Additionally, the
application of dual-energy CT allows the characterization of the
material composition of the calculi [8]. Furthermore, CT imaging

provides additional information that can be used for the exclusion
of the differential diagnosis of acute flank pain (e. g. choledocho-
lithiasis, appendicitis). The major disadvantage of CT in compari-
son to US is the radiation exposure of the patient. This is especially
relevant as nephrolithiasis often affects people of a young age and
recurrence rates of 20 % within 5 years are reported [9, 10]. The
feasibility of low-dose CT for renal calculi detection was already
shown with several techniques ranging from decreased tube vol-
tage and decreased tube current to different reconstruction algo-
rithms (e. g., iterative reconstruction) [11–15]. Another technical
possibility is spectral shaping of the X-ray beam for dose reduc-
tion. Spectral shaping leads to a significant reduction of radiation
exposure via the absorption of low-energy photons which are
primarily absorbed in the subcutaneous adipose tissue and, thus,
do not reach the CT detector [16–18]. The successful application
of this method was previously shown in several studies in chest
imaging and also for renal calculi [16, 18–23]. However, available
studies for the detection of renal calculi using a high tube voltage
protocol with tin filtration (Sn150 kV) are still rare, especially using
only single energy protocols.
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Therefore, the purpose of this study was to investigate the
reduction of radiation exposure in unenhanced CT with suspicion
of renal calculi using a tin-filtered high tube voltage protocol
compared to a standard low-dose CT protocol without spectral
shaping and its impact on image quality.

Materials and Methods

Study design

This retrospective, monocentric study was approved by the insti-
tutional review board with waiver of informed consent.

In total, 120 consecutive unenhanced CT examinations of the
abdomen and pelvis, which were performed from November
2019 to June 2020 due to suspected renal calculi before (60 exam-
inations) and after implementation of spectral shaping (60 exam-
inations), were included.

Computed tomography imaging protocol

All examinations were performed using a 3rd-generation dual-
source scanner equipped with tin filtration (Siemens Somatom
Force, Siemens Healthcare, Erlangen; Germany). After scout
acquisition in supine position, patients were scanned in the cau-
do-cranial direction from the pelvis to the diaphragm. Two differ-
ent protocols were used for imaging. The mono-institutional
standard-dose protocol (SP; within the limits of national recom-
mended radiation dose exposure limits) consisted of a collimation
of 192 × 0.6mm, a tube voltage of 100 kV, and a reference tube
current of 130mAs using automatic tube current modulation.
The low-dose (LD) protocol consisted also of a collimation of
192 × 0.6mm, a tube voltage of 150 kV including tin filtration,
and a reference tube current of 80mAs using automatic tube cur-
rent modulation. All images were reconstructed in the axial and
coronal plane using an advanced modelled iterative reconstruc-
tion algorithm (ADMIRE, strength level 3, Siemens Healthineers,
Erlangen; Germany) with a medium soft tissue kernel (Br40 d)
and a slice thickness of 3mm.

Image analysis

All imaging studies were reviewed in consensus by two radiolo-
gists with three and nine years of experience blinded to clinical
and technical information. Image quality was assessed qualitative-
ly using an equidistant Likert scale ranging from 1–5: 1: non-diag-
nostic; 2: poor image quality; 3: acceptable image quality; 4: good
image quality; 5: excellent image quality. Additionally, quantita-
tive image quality was evaluated via image noise using standard
deviation of attenuation within a region of interest (ROI) with a
size of 2.0 cm² in the liver (segment VI), spleen, psoas major mus-
cles (height lumbar vertebrae 2), erector spinae muscles (height
lumbar vertebrae 2), and subcutaneous fat. Furthermore, the sig-
nal-to-noise ratio (SNR) was calculated using the mean attenua-
tion within a ROI divided by its standard deviation in the spleen,
psoas major muscles, and subcutaneous fat.

Renal calculi assessment

All examinations were evaluated regarding the presence of
nephrolithiasis and ureterolithiasis. The maximum axial diameter
of the largest renal as well as ureteral calculi was noted.

Phantom study

Additionally, a phantom study with seven human urinary calculi
ranging in diameter from 4.5–1.5mm was performed using a
cylindric phantom with a diameter of 39 cm which was filled with
water. The calculi were placed in the middle of the phantom. The
calculi were scanned with both protocols. Calculi size was deter-
mined in consensus by the two radiologists mentioned above.
Detectability was rated on a Likert scale ranging from 1–5: 1:
non-diagnostic; 2: poor detectability; 3: sufficient detectability;
4: good detectability; 5: excellent detectability.

Dosimetry evaluation

Dosimetry analysis was performed using commercially available
dosimetry and tracking software (Radimetrics, Bayer, Leverkusen;
Germany). The volumetric computed tomography dose index
(CTDIvol), dose length product (DLP), effective dose (ED), and
organ dose were analyzed. Furthermore, to strengthen the quality
of the comparison of both cohorts, the water-equivalent diameter
(WED) and size-specific dose estimates (SSDE) were noted.

Statistical analysis

Proprietary statistical software was used for analysis (SPSS Statis-
tics Version 26, IBM, Armonk, New York). Normally distributed
variables are displayed using mean ± standard deviation. Not nor-
mally distributed variables are displayed using median and inter-
quartile range in parentheses.

The SP and LD groups were compared via the student’s t-test
(age) and the Wilcoxon signed rank test (all parameters except for
age). WEDmean was tested for equivalence accepting a 5 % differ-
ence of the mean as equivalent. P-values below 0.05 were regard-
ed as significant.

Results

Phantom study

All seven renal calculi could be detected with both protocols.
There was no difference regarding calculi size between the two
protocols except for the smallest one. The smallest concretion
measured 1.5mm in LD and 1.0mm in SP. Detectability was rated
excellent for all concretions except for the smallest one for both
protocols. Detectability of the smallest concretion was rated as
good in LD and sufficient in SP (▶ Fig. 1).

The CTDIvol was 3.36mGy in LD (DLP: 119.3 mGycm) and
8.27mGy in SP (DLP: 293.6 mGycm).

Patient characteristics

All patients were successfully evaluated. The mean patient age in
SP was 47 ± 17 years (range: 20–87 years) and in LD 49 ± 13 years
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(range: 26–81 years). Nephrolithiasis was found in 22 patients in
SP and in 16 patients in LD (p = 0.327). In both groups, the median
calculi size was 4mm (3 and 2mm, respectively). There was no
significant difference regarding the occurrence of ureterolithiasis
(p = 1.000). Further details are displayed in ▶ Table 1.

Dosimetry evaluation

The CTDIvol, DLP, and ED were significantly lower in LD compared
to SP (all p < 0.001; ▶ Table 2). The median ED in LD was 1.3mSv
(0.3mSv) compared to 2.3mSv (0.9mSv) in SP. The SSDEmean of
LD was also significantly smaller compared to SP with 2.4mGy
(0.4mGy) vs. 4.8mGy (2.3mGy) (p < 0.001). There was no signifi-
cant difference regarding patient size with WEDmean of 29.9 cm
(4.5 cm) in SP vs. 31.3 cm (3.8 cm) in LD (p = 0.160). However,
the WEDmean was not equivalent between the two groups
(p = 0.109).

Organ dose evaluation showed significantly lower radiation
exposure in LD compared to SP in abdominal organs, e. g., liver
organ dose, with 4.1mSv (1.5mSv) in SP vs. 2.2mSv (0.5mSv) in
LD (p < 0.001). Further information is displayed in ▶ Table 3.

Qualitative and quantitative image quality

There was no significant difference between SP and LD regarding
the qualitative assessment of image quality on a Likert scale with a
median of 4 (1) for both groups (p = 0.648). ▶ Fig. 1 displays an

example of a patient who was examined at two different points
in time with the SP and LD protocols for a recurrent clinical indica-
tion.

Quantitative image analysis revealed slightly higher noise in LD
imaging. The standard deviation of attenuation in the liver was
15.3 HU (2.5 HU) in SP vs. 17.0 HU (3.2 HU) in LD (p < 0.001) and
in the spleen 15.0 HU (2.2 HU) in SP vs. 17.0 HU (3.1 HU) in LD
(p < 0.001; ▶ Table 4). Subcutaneous fat showed no significant
difference regarding image noise (p = 0.777).

The SNR in the spleen was 3.7 (0.6) in SP compared to 3.0 (0.5)
in LD (p < 0.001). The SNR of SP was also significantly higher in
psoas major muscles and subcutaneous fat (▶ Table 4). ▶ Fig. 2
shows images of both protocols in the same patient examined at
two different points in time.

Discussion

This study could show that reduction of radiation exposure in CT
for the detection of renal calculi is feasible using tin filtration at
high tube voltages. Although our evaluation showed slightly high-
er noise levels as well as slightly lower SNR in LD imaging, no sig-
nificant difference was found regarding diagnostic image quality.
This difference might be related to the slightly higher WED in our
LD group, as both groups were not equivalent regarding this
parameter. Radiation dose evaluation showed a reduction of

▶ Fig. 1 Phantom study of seven human renal calculi ranging from 4.5–1.5mm. Standard-dose imaging (CTDIvol: 8.27mGy) is shown on the left
hand side and low-dose imaging (CTDIvol: 3.36mGy) on the right hand side. There was no difference between detectability and size measurements
between the two protocols except for the smallest concretion. Detectability was rated good in low-dose imaging for the smallest concretion.
CTDIvol: Volumetric Computed Tomography Dose Index.

▶ Abb.1 Phantomstudie von 7 humanen Nierensteinen mit einer Größe von 4,5–1,5mm. Auf der linken Seite ist die Standarddosis-Bildgebung
(CTDIvol: 8,27mGy) und auf der rechten Seite die Niedrigdosis-Bildgebung (CTDIvol: 3,36mGy) dargestellt. Es gab keinen Unterschied zwischen
der Erkennbarkeit und den Größenmessungen zwischen beiden Protokollen, außer beim kleinsten Konkrement. Die Erkennbarkeit des kleinsten
Konkrements wurde bei der Niedrigdosis-Bildgebung als gut und bei der Standarddosis-Bildgebung als ausreichend bewertet. CTDIvol: Volumetri-
scher Computertomografie-Dosis-Index.
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approximately 49 % of the CTDIvol, 43 % of the ED, and 50% of the
SSDEmean using the LD protocol compared to the SP protocol.

Our study is in line with the results of Mozaffary et al. who used
a similar protocol with tin filtration and a slightly higher tube cur-
rent [20]. Mozaffary et al. did not find any significant difference
regarding image noise between the standard-dose protocol and
tin filtration. However, in our study slightly higher noise levels
were found in LD imaging. This might be due to further tube cur-
rent reduction to 80mAs (compared to 100mAs in the study of
Mozaffary et al.) [20]. An advantage of this 20mAs tube current
reduction is of course a further decrease of radiation exposure.
Therefore, the radiation dose in the study by Mozaffary et al. was
slightly higher with a CTDIvol of 2.9 ± 0.3mGy. The radiation expo-
sure in our study was slightly lower compared to Apfaltrer et al.
who used the same tube voltage and tube current settings with a
CTDIvol of 2.5 ± 1.9mGy versus 2.2 ± 0.71mGy in our study [24].
Additionally, in this mentioned study, the SNR was not significant-
ly different in most tissues between low dose and standard dose.
However, in our study, a significantly lower SNR was found for LD
compared to SP. This might be due to different patient character-

▶ Table 2 Dosimetry evaluation.

▶ Tab. 2 Dosisauswertung.

Standard dose1 Low dose1 p-value

CTDIvol (mGy) 4.1 (2.7) 2.1 (0.6) < 0.001

DLP (mGy*cm) 160 (108) 85 (29) < 0.001

ED (mSv) 2.3 (0.9) 1.3 (0.3) < 0.001

SSDEmin (mGy) 3.7 (1.7) 2.1 (0.3) < 0.001

SSDEmean (mGy) 4.8 (2.3) 2.4 (0.4) < 0.001

SSDEmax (mGy) 6.7 (4.0) 3.0 (0.5) < 0.001

WEDmin (cm) 28.6 (4.7) 29.3 (3.8) 0.420

WEDmean (cm) 29.9 (4.5) 31.3 (3.8) 0.179

WEDmax (cm) 31.6 (5.1) 33.1 (4.0) 0.170

Abbreviations: CTDIvol: volumetric computed tomography dose index;
DLP: dose length product; SSDE: size-specific dose estimates; WED:
water-equivalent diameter.
Abkürzungen: CTDIvol:Volumetrischer Computertomografie-Dosis-In-
dex; DLP: Dosislängenprodukt; SSDE: Größenspezifische Dosis Schätz-
werte; WED: Wasseräquivalenter Diameter.
1 Values are given as median (interquartile range).
Werte als Median (Interquartilenabstand).

▶ Table 3 Organ dose evaluation in millisievert.

▶ Tab. 3 Evaluation der Organdosen in Millisievert.

Standard dose1 Low dose p-value2

Adrenals 3.4 (1.3) 1.9 (0.5) < 0.001

Kidneys 5.6 (1.7) 2.7 (0.4) < 0.001

Liver 4.1 (1.5) 2.2 (0.5) < 0.001

Spleen 4.2 (1.4) 2.3 (0.5) < 0.001

Pancreas 3.5 (1.0) 1.9 (0.4) < 0.001

Stomach 4.7 (1.5) 2.4 (0.4) < 0.001

Colon 4.4 (1.3) 2.3 (0.4) < 0.001

Small intestine 4.5 (1.4) 2.4 (0.3) < 0.001

Urinary bladder 5.0 (1.4) 2.5 (0.4) < 0.001

Red bone marrow 1.9 (0.6) 1.1 (0.2) < 0.001

Skin 2.0 (1.2) 1.1 (0.3) < 0.001

Testicles 0.7 (0.7) 0.5 (0.6) 0.018

Ovaries 4.2 (1.8) 2.3 (0.4) < 0.001

Uterus 4.4 (1.6) 2.3 (0.3) < 0.001

1 Values are given as median (interquartile range).
Werte als Median (Interquartilenabstand).

2 Statistischer Test: Wilcoxon signed rank test.
Statistical test: Wilcoxon signed rank test.

▶ Table 1 Patient characteristics.

▶ Tab. 1 Patienten-Charakteristika.

Characteristics Values

Standard-dose group

Patients N = 60

Mean age ± std. 47 ± 17 years

Range 20–87 years

Male N = 40 (67%)

Low-dose group

Patients N = 60

Mean age ± std. 49 ± 13 years

Range 26–81 years

Male N = 33 (55%)

Findings

Standard-dose group

Nephrolithiasis N = 22

Size of concretion (median; IQR1) 4mm (4mm)

Ureterolithiasis N = 33

Size of concretion (median; IQR) 3mm (2mm)

Low-dose group

Nephrolithiasis N = 16

Size of concretion (median; IQR) 4mm (3mm)

Ureterolithiasis N = 32

Size of concretion (median; IQR) 4mm (2mm)

1 IQR: interquartile range.
IQR: Interquartilenabstand.
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▶ Fig. 2 shows a 60-year-old male patient who was scanned with the standard-dose protocol (left column) and low-dose protocol (right column) as
clinically indicated due to flank pain at two different time points. Despite slightly higher noise levels in low-dose acquisition, both protocols provided
high diagnostic image quality. Dosimetry: SP: CTDIvol: 6.9 mGy; ED: 3.1 mSv; WEDmean: 34.2 cm; SSDEmean: 7.1 mGy; LD: CTDIvol: 2.8 mGy; ED:
1.6 mSv; WEDmean: 35.0 cm; SSDEmean: 2.8mGy. Abbreviations: SP = Standard dose; ED: Effective dose; WED: water-equivalent diameter; SSDE:
size-specific dose estimate; LD: Low dose.

▶ Abb.2 zeigt einen 60-jährigen männlichen Patienten, der sowohl mittels Standardprotokoll (linke Spalte) als auch mit dem Niedrigdosisprotokoll
(rechte Spalte) aus klinischer Indikation aufgrund von Flankenschmerzen an 2 unterschiedlichen Zeitpunkten untersucht wurde. Trotz gering hö-
heren Rauschens in der Niedrigdosisuntersuchung besteht weiterhin eine sehr gute Bildqualität. Dosimetrie: SP: CTDIvol: 6.9 mGy; ED: 3.1 mSv;
WEDmean: 34.2 cm; SSDEmean: 7.1 mGy; LD: CTDIvol: 2.8 mGy; ED: 1.6 mSv; WEDmean: 35.0 cm; SSDEmean: 2.8mGy. Abkürzungen: SP: Stan-
darddosis; ED: Effektive Dosis; SSDE: size specific dose estimate; WED: water equivalent diameter; LD: Niedrigdosis.
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istics. In contrast to the present study, in the investigation of
Dewes et al., there was also no significant difference regarding
SNR between an Sn150 kV protocol and another non-tin-filtered
low-dose protocol using a third-generation dual source scanner
[25]. This different finding might be due to the patients’ charac-
teristics and differences in the standard low-dose protocol with
different tube voltage and tube current settings. Another factor
might be the slightly higher WED in our LD group compared to
SP patients. Regarding diagnostic image quality, there was no
deterioration of image quality in LD acquisition in our study,
which is similar to previous examinations with tin filtration [20,
24–26].

The results of this study indicate that at a high tube voltage of
Sn150 kV, the tube current might be further lowered. Although,
this leads to higher noise levels and a lower SNR, the diagnostic
image quality was still unaffected in our investigation. Further
studies will be necessary to identify the cut-off of maximum
possible tube current reduction without compromised diagnostic
image quality. Another factor influencing further radiation expo-
sure is the development and technical improvement of scanner
architecture, of course. Despite already low radiation exposure
levels, a further decrease would be desirable as recurrence of
nephrolithiasis is a common issue and affected patients are often

of a young age [1, 10]. Additionally, the basic concepts of radia-
tion protection such as the ALARA principle (as low as reasonably
achievable) are always mandatory.

This study has several limitations. All patients were included
retrospectively at one imaging center. The presence of urinary cal-
culi was not proven by obtaining the calculi. However, the location
of the calculi within the course of the ureter as well as the typical
clinical presentation of patients highly suggest the presence of re-
nal calculi. Furthermore, no patient underwent imaging twice
with both protocols at the same point in time under study condi-
tions due to radiation exposure concerns. Therefore, no compari-
son of sensitivity and specificity as well as of stone size is feasible.
However, the phantom study showed excellent performance of
the low-dose protocol. Only one CT scanner was used in this study
setting using a mono-institutional standard protocol for compari-
son. Furthermore, dosimetry evaluation was also performed using
SSDE to overcome this issue. Additionally, although the WED was
not equivalent (WED slightly higher in LD compared to SP), there
was no significant difference between the two patient cohorts.

Conclusion

This study was able to show that tin-filtered unenhanced abdom-
inal CT for the detection of renal calculi using high tube voltages
leads to a significant reduction of radiation exposure and yields
sufficient image quality without significant differences compared
to a standard of care low-dose CT protocol without tin filtration.

CLINICAL RELEVANCE:

▪ Tin-filtered CT with a high tube voltage allows a significant

radiation dose reduction to a median effective dose of

1.3mSv.

▪ Radiation dose evaluation in patients showed a reduction of

approximately 49% of the CTDIvol, 43 % of the effective

dose, and 50% of the size-specific dose estimates using the

low-dose protocol compared to the standard-dose protocol.

▪ Qualitative image quality evaluation revealed no signifi-

cant difference between low-dose and standard-dose CT

protocols.

▪ Further tube current reduction might be possible although

increasing noise levels and loss of signal-to-noise ratio

must be thoroughly observed.
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▶ Table 4 Quantitative image quality assessment using standard de-
viation of attenuation within a region of interest (noise) (median (in-
terquartile range)) as well as signal-to-noise ratio (SNR).

▶ Tab. 4 Quantitative Bildqualitätsanalyse mittels Standardabwei-
chung der Dichtewerte innerhalb einer Region of interest (Rauschen)
sowie mittels Signal-zu-Rausch-Verhältnis (SNR).

Standard dose1 Low dose1 p-value2

Noise assessment

Liver 15.3 (2.5) 17.0 (3.2) < 0.001

Spleen 15.0 (2.2) 17.0 (3.1) < 0.001

Psoas major muscles 16.1 (2.5) 17.8 (3.5) 0.001

Erector spinae muscles 15.9 (2.8) 17.8 (3.4) 0.003

Subcutaneous fat 13.2 (2.1) 13.5 (2.4) 0.777

SNR assessment

Spleen 3.7 (0.6) 3.0 (0.5) < 0.001

Psoas major muscles 3.4 (0.5) 2.8 (0.7) < 0.001

Subcutaneous fat –8.8 (1.9) –7.0 (1.4) < 0.001

1 Values are given as median (interquartile range).
Werte als Median (Interquartilenabstand).

2 Statistischer Test: Wilcoxon signed rank test.
Statistical test: Wilcoxon signed rank test.
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