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Why Bother about Dose?

• Screening population is mainly healthy – most 
participants do not have lung cancer.

• Lung cancer grows quickly. Screening needs to be 
repeated, e.g. annually.

• Participants thus undergo 20 to 30 screening CT 
scans in their life.

• Cumulative dose is relevant. Dose of a single 
screening scan must be very low.

Facts about annual effective dose

• Deff due to natural radiation
– 2.1 mSv in Germany

– 3.2 mSv in Europe

– 3.1 mSv in the US

• Occupational Deff limit
– 20 mSv in Europe

– 50 mSv in the US
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BfS = Federal Office for Radiation Protection (Germany)

Germany, as an Example

Other countries likely have somewhat different regulations/recommendations.
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BfS Group of External Experts

Epidemiology – Nuclear Medicine – Physics – Pneumology – Radiology 
+ Health Insurance
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Technical Demands According to BfS
Parameter Requirement Comment

Dose conversion k = 0.019 mSv/mGy/cm Deff = k  DLP

Topogram CTDI  20% of screening CTDI Use additional prefilter

Scan length Adapt to lung Not longer than lung

Scan time  15 s Breath hold required

Spiral pitch value According to vendor Moderate to high

Rotation time  1 s

Screening CTDI  1.3 mGy For BMI = 26 kg/m2

Additional prefilter1 Yes At least for BMI  40 kg/m2

TCM, auto kV-selection Yes TCM in  and z

Dynamic collimation Yes, if at least 64 detector rows To avoid overbeaming

Reconstruction Iterative or deep learning

Spatial resolution between 0.8 and 1.0 mm For low contrasts (50 HU)

Slice thickness  0.7 mm

Voxel size (isotropic)  70% of spatial resolution

Image noise Low enough to be diagnostic

Exposure parameters and dose levels are to be be adapted to patient size!

1Prefilter that can be adjusted to patient size, e.g. removable for large patients.
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Somatom Sessions 19:28-31, 2006
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Topogram (a.p. view)
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Dose consideration:
• 10 cm/s table speed and 

6×0.6 mm collimation imply
36 ms exposure per z-position.

• At 120 kV and 6×0.6 mm 
the Flash 32 cm CTDI is 
11 mGy/100 mAs.

• With 35 mA tube current and
36 ms exposure we obtain
1.3 mAs and 0.14 mGy CTDI.

• Assume a scan length of 50 cm 
to get DLP = 7 mGy cm.

• With k = 0.014 mSv/mGy/cm 
(chest) we obtain an 
effective dose of 0.1 mSv.

Dose Reduction:
• Flash 35 mA, Force 20 mA
• Fast topo, e.g. 20 cm/s
• Prefilter (e.g. tin)
• 500 mm, 100 kV Sn,

75 mAs, CTDI 0.01 mGy, 
DLP 0.5 mGy cm:

Deff = 0.007 mSv



10

mSv   CTDIvol

• DLP = CTDIvol × ScanLength

• Deff = DLP × k mit k = 0.019 mSv/mGy/cm 

• The typical scan length for lung scans is around 25 cm.

• Then, CTDI = 1 mGy yields 
Deff = 1 mGy  25 cm  0.019 mSv/mGy/cm = 0.48 mSv

• Rough rule of thumb for lung scans:

CTDIvol ≈ 2 Deff mGy/mSv
i.e.

2 mGy ≈ 1 mSv

for lung only scans.
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120 kV + 0 mm water
with and without prefilter

No prefilter

Prefilter
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120 kV + 320 mm water
with and without prefilter

No prefilter

Prefilter



18

Reference Topic Dose Reduction Assessment Recon

Agostini et al., 2021 chest, DECT, COVID-19 89% subjective, different pitch values iterative

Apfaltrer et al., 2018 coronary artery calcium scoring 73% subjective FBP

Axer et al., 2022 urolithiasis 20% subjetive iterative

Dewes et al., 2016 abdomen, urinary stones 22% subjective iterative

Gordic et al., 2014 chest, pulmonary nodules, phantom 95% subjective iterative

Grunz et al., 2022 urinary stone 18% - 38% subjective, objective iterative

Hasegawa et al., 2022 chest, detectability index, phantom 22% - 25% objective FBP

Jeon et al., 2019 DECT, gout diagnosis 65% subjective, different scanners iterative

Kimura et al., 2022 colorectal cancer 89% subjective iterative, FBP

Kunz et al., 2022 urinary tract 62% frequency of calculi detection iterative

Leyendecker et al., 2019 abdomen 81% subjective, objective iterative

Martini et al., 2016 chest, pulmonary nodules 97% subjective iterative

Rajendran et al., 2020 sinus, temporal bone 67% - 85% objective, EICT and PCCT FBP

Saltybaeva et al., 2019 topogram 80% effect on TCM -

Schabel et al., 2018 thoracic aorta calcification 92% subjective iterative

Schüle et al., 2022 pelvis 90% subjective, objective iterative, FBP

Takemitsu et al., 2022 topogram 80% effect on TCM -

Weis et al., 2017 chest, pediatric 77% subjective, objective iterative

Wuest et al., 2016 paranasal sinus 73% subjective, different scanners FBP

Zhang et al., 2022 guided lung biopsy 73% subjective iterative

Dose reduction due to tin prefiltration



19

– Agostini, Andrea, et al. "Third-generation iterative reconstruction on a dual-source, high-pitch, low-dose chest CT protocol with tin 
filter for spectral shaping at 100 kV: a study on a small series of COVID-19 patients." La radiologia medica 126:388–398, 2021.

– Apfaltrer, Georg, et al. "High-pitch low-voltage CT coronary artery calcium scoring with tin filtration: accuracy and radiation dose 
reduction." European Radiology 28(7):3097-3104, 2018.

– Axer, Benedikt, et al. "Comparative evaluation of diagnostic quality in native low-dose CT without and with spectral shaping 
employing a tin filter in urolithiasis with implanted ureteral stent." RöFo-Fortschritte auf dem Gebiet der Röntgenstrahlen und der 
bildgebenden Verfahren 194(12):1358-1366, 2022.

– Dewes, Patricia, et al. "Low-dose abdominal computed tomography for detection of urinary stone disease - Impact of additional 
spectral shaping of the x-ray beam on image quality and dose parameters." European Journal of Radiology 85(6):1058-1062, 2016.

– Gordic, Sonja, et al. "Ultralow-dose chest computed tomography for pulmonary nodule detection: First performance evaluation of 
single energy scanning with spectral shaping." Investigative Radiology 49(7):465-473, 2014.

– Grunz, Jan-Peter, et al. "Thermoluminescence dosimetry in abdominal CT for urinary stone detection: Effective radiation dose 
reduction with tin prefiltration at 100 kVp." Investigative Radiology 58(3):231-238, 2023.

– Hasegawa, Akira, et al. "A tin filter’s dose reduction effect revisited: Using the detectability index in low-dose computed 
tomography for the chest." Physica Medica 99:61-67, 2022.

– Jeon, Ji Young, et al. "The effect of tube voltage combination on image artefact and radiation dose in dual-source dual-energy CT: 
Comparison between conventional 80/140 kV and 80/150 kV plus tin filter for gout protocol." European Radiology 29(3):1248-1257, 
2019.

– Kimura, Koichiro, et al. "Dose reduction and diagnostic performance of tin filter-based spectral shaping CT in patients with 
colorectal cancer." Tomography 8(2):1079-1089, 2022.

– Kunz, Andreas Steven, et al. "Tin-filtered 100 kV ultra-low-dose abdominal CT for calculi detection in the urinary tract: A 
comparative study of 510 cases." Academic Radiology, 2022.

– Leyendecker, Pierre, et al. "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." European 
Radiology 29(4):2107-2116, 2019.

– Martini, Katharina, et al. "Evaluation of pulmonary nodules and infection on chest CT with radiation dose equivalent to chest 
radiography: Prospective intra-individual comparison study to standard dose CT." European Journal of Radiology 85(2):360-365, 
2016.

– Rajendran, Kishore, et al. "Dose reduction for sinus and temporal bone imaging using photon-counting detector CT with an 
additional tin filter." Investigative Radiology 55(2):91-100, 2020.

– Saltybaeva, Natalia, et al. "Radiation dose reduction from computed tomography localizer radiographs using a tin spectral shaping
filter." Medical Physics 46(2):544-549, 2019.
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Child 

(15 cm × 10 cm)

Adult

(30 cm × 20 cm)

Obese

(50 cm × 40 cm)  .

Soft tissue (basis) 3 mAs, 90 kV 10 mAs, 130 kV 60 mAs, 150 kV

Sn, 0.4 mm
0.4 mm, 34 mAs, 75 kV 

11%

0.4 mm, 74 mAs, 100 kV

25%

0.4 mm, 140 mAs, 150 kV

35%

Sn, 0.6 mm
0.6 mm, 100 mAs, 75 kV 

15%

0.6 mm, 100 mAs, 105 kV

29%

0.6 mm, 160 mAs, 150 kV

40%

Sn, optimal thickness
0.9 mm, 1000 mAs, 70 kV 

17%

2.0 mm, 1000 mAs, 105 kV

35%

2.2 mm, 1000 mAs, 150 kV

50%

Cu, optimal thickness
3.0 mm, 1000 mAs, 70 kV

17%

6.7 mm, 1000 mAs, 105 kV

31%

6.9 mm, 1000 mAs, 150 kV

50%

Dose Reduction by Patient-Specific
Tin or Copper Prefilters1 (1000 mAs Limit)

1Steidel, Maier, Sawall, Kachelrieß. Dose reduction potential in diagnostic single energy CT through 
patient-specific prefilters and a wider range of tube voltages. Med. Phys. 49(1):93-106, 2022.

0.5 mGy CTDI

Literature reports 20% to 80% to be clinically achievable with Sn.

Patient-specific, i.e. removable, prefilters provided by vendors:
• Canon: Ag, maybe 0.5 mm
• GE: none, but 1 mm Cu is said to be used for topograms
• Philips: none
• Siemens: 0.4 mm, 0.6 mm, and 0.7 mm (in different systems)
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Removable Prefilters in Use Today

• 0.4 mm Sn for Siemens‘ Somatom Flash, Drive, 
go.Now, go.Up and go.all

• 0.6 mm Sn for Siemens‘ Somatom Force, Edge Plus, 
go.Top and Definition Edge

• 0.4 mm and 0.7 mm Sn for Siemens‘ Somatom X.cite

•  0.5 mm Au for Canon‘s Aquilion ONE Prism Edition

•  1 mm Cu for topograms only (!) in GE‘s Revolution 
Apex systems 
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High-End and Mid-Range CT, 2023

CT-System

Rotation,

Cone,

Coll.

Max. Power, Anode Angle, 

Name,

Max. mA @ low kV 

Patient-specific 

prefilters

Detector 

Configuration, Type, 

Name

FOM,

Reconstruction 

Matrix

Special 

Reconstruction 

Algorithms

Spectral

Canon

Aquilion ONE Prism 

Edition 

0.275 s,

15°,

160 mm

100 kW, 10°,

MegaCool Vi,

600 mA @ 80 kV

Ag,

{0, x} mm

320 × 0.5 mm, EI,

PUREViSION

50 cm,

512

iterative (AIDR 3D), 

deep (AiCE, PIQE)
fast TVS with DL H

Canon

Aquilion Precision 

Edition

0.35 s,

3.8°,

40 mm

72 kW, 7°,

MegaCool,

600 mA @ 80 kV

none
160 × 0.25 mm, EI,

PUREViSION

50 cm,

512, 1024, 2048

iterative (AIDR 3D),

deep (AiCE)
2 scans H

GE

Revolution Apex Elite

0.23 s,

15°,

160 mm

108 kW, 10°,

Quantix 160,

1300 mA @ 70+80 kV

none
256 × 0.625 mm, EI,

GemStone Clarity

50 cm,

512

fast TVS or 2 

scans
H

GE

Revolution Apex Plus

0.28 s,

7.6°,

80 mm

108 kW, 10°,

Quantix 160,

1300 mA @ 70 kV

none
128 × 0.625 mm, EI,

GemStone Clarity

50 cm,

512

deep (TrueFidelity), 

SnapshotFreeze

fast TVS or 2 

scans
M

Philips

Spectral CT 7500 

0.27 s,

7.7°,

80 mm

120 kW, 8°,

iMRC,

925 mA @ 80 kV

none
2 · 128 × 0.625 mm, EI,

NanoPanel Prism

50 cm,

512, 768, 1024
iterative (iDose) sandwich H

Philips

Incisive CT

0.35 s,

3.9°,

40 mm

80 kW,

vMRC
none 2 · 64 × 0.625 mm, EI

50 cm,

512, 768, 1024

iterative (iDose),

deep (Precise 

Image&Cardiac)

M

Siemens

Somatom X.ceed

0.25 s,

3.7°,

38.4 mm

120 kW, 8°,

Vectron,

1300 mA @ 70+80+90 kV

Sn,

{0, 0.4, 0.7} mm 

2 · 64 × 0.6 mm, EI,

Stellar

50 cm,

512, 768, 1024
iterative (ADMIRE)

split filter (Twin 

Beam) or 2 scans 

(Twin Spiral)

M

Siemens

Somatom Force

0.25 s,

5.5°,

57.6 mm

2 · 120 kW, 8°,

Vectron,

2 · 1300 mA @ 70+80+90 kV

Sn,

{0, 0.6} mm

2 · 2 · 96 × 0.6 mm, EI,

Stellar

50 cm/35 cm,

512, 768, 1024
iterative (ADMIRE) DSCT H

Siemens

Naeotom Alpha

0.25 s,

5.5°,

57.6 mm

2 · 120 kW, 8°,

Vectron,

2 · 1300 mA @ 70+90 kV

Sn,

{0, 0.4, 0.7} mm

2 · 144×0.4 or

2 · 120×0.2 mm, PC

50 cm/36 cm,

512, 768, 1024
iterative (QIR) DSCT and PCCT H
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Canon now also likes
Patient-Specific Prefilters:

SilverBeam

SilverBeam: Creating New Possibilities in CT Lung Screening, Canon Visions 38, 2022

… and they use this technique to
replace the topogram by an ultra low dose spiral scan.
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What about GE?

• GE does not yet admit that they like the filters.

• They propose to use Cu for topograms (scout is now
smart scout) to preheat the tube.
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How did we arrive at these demands?

• Literature review showed good and bad examples (next slides). 

– Diagnostic image quality must be guaranteed! 

– Thus dose limit must not be too restrictive.

• Projecting the NLST trial to Germany and assuming 50% 
participation1 yields about 1,300,000 additional CT scans per year.

– Availability of sufficiently many CT systems must be guaranteed!

– Thus technical demands must not be too restrictive.

Comments:

• Considering only high end CT systems, the demands could be 
much stricter (e.g. 0.2 mGy for the reference patient).

• Demands will be continuously adapted, e.g.

– Lower dose values (significantly less than 1.3 mGy)

– Patient-specific prefilters required (and not only recommended)

– More patient-specific prefilters (e.g. more than one thickness selectable)

– Breast-specific TCM required (and not only recommended)

1Value taken from German mammography screening program.
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FBP ASIR 30% Veo

STD
3.3 mSv

RD1
0.96 mSv

RD2
0.14 mSv

Patients scanned 3 times.

BMI = 33 kg/m2
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• GE, 100 kV < 80 kg, 120 kV > 80 kg
• ASIR for low dose, Veo for ultra low 

dose recons
• 0.13 mSv ultra low dose CT
• Nodules 4 mm or larger
• Ultra low dose images are very 

blurry.

0.13 mSv1.7 mSv



31

• Acquilion One (320 slice) 120 kV
• 2 mm slice thickness and 2 mm 

increment
• FBP and FIRST (Forward 

projected model-based Iterative 
Reconstruction SoluTion)

• Patients scanned twice 
(Std+ULD) 1.5 mSv 0.14 mSv 0.14 mSv
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2.5 mSv (100 kV) 0.20 mSv (100 kV Sn)

100 kV
100 kV Sn
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Somatom Force
ADMIRE 3
2 mm slice thickness
1.6 mm increment
Edge enhancing kernel (Br64)
Patients scanned twice (Std+ULD)
“ULD scans were performed at a fixed tube potential of 100 kV Sn 
with a fixed tube current time product of 70 mAs” Why fixed???

3.5 mSv 0.13 mSv

BMI = 44 kg/m2

BMI = 23 kg/m2

1.7 mSv 0.13 mSv
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Somatom Force
100 kV Sn
AEC/TCM off for low dose protocol
ADMIRE 3
2 mm slice thickness
1.6 mm increment
Edge enhancing kernel (Br64)
Patients scanned twice (Std+ULD)

1.1 mSv 0.14 mSv

1.3 mSv 0.13 mSv

1.1 mSv 0.12 mSv

4.1 mSv 0.13 mSv

BMI = 23 kg/m2

BMI = 43 kg/m2

BMI = 24 kg/m2

BMI = 25 kg/m2
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Main Points

• Adapt kV, mAs and dose to patient size. Thicker 
patients require higher kV, mAs and thus more dose.

• Use tube current modulation (TCM).

• Use patient-specific prefilters. Preferrably, several 
thicknesses of the filters should be provided.

• Reconstruct with moderate spatial resolution.

• Use iterative or deep learning reconstruction.

• Do not exaggerate!

• Image quality must be maintained! 
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AAPM protocols for low dose lung cancer screening, AAPM 2019

(0.4 mm) (0.6 mm)

 thicker prefilter means less dose

Cooking Recipe (AAPM)
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Conclusions

• Current recommendations specify ranges or limits for 
technical parameters.

• A continuous adaptation of the recommendations is 
necessary.

• To provide guidance to radiologists, the European 
professional societies should provide specific 
recommendations for the scan protocols.
– EFOMP

– ESR



Thank You!

This presentation will soon be available at www.dkfz.de/ct.

Job opportunities through DKFZ’s international PhD programs or through marc.kachelriess@dkfz.de. 

Parts of the reconstruction software were provided by RayConStruct® GmbH, Nürnberg, Germany.


