
Balance zwischen 
Strahlenbelastung und 
Bildqualität in der CT:

Optimierungsmaßnahmen

Marc Kachelrieß

German Cancer Research Center (DKFZ)

Heidelberg, Germany

www.dkfz.de/ct



5

Resulting dual-action 

curve

Dual Action of Ionizing Radiation

Dose (Gy) 

0 0.2 0.4 0.6

Cancer

incidence 

Adapted from Feinendegen, 1999

Deterministic negative effects 

in the high dose range

Biopositive effects (Radiation 

hormesis) in the low dose range

The linear no-threshold 

(LNT) hypothesis

„normal“



6

Facts

• Radiation risk is proportional to radiation exposure

• Radiation exposure is proportional to 
– mAseff

– CTDIvol

– DLP

• Image noise 
– increases with sharper reconstruction kernels

– increases with thinner reconstructed slice thickness

– decreases with increasing radiation exposure

– decreases with iterative or deep learning reconstruction

– increases with increasing patient thickness

• Iodine contrast increases with decreasing kV

• Patient-specific prefilters significantly reduce patient 
dose
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Automatic Exposure Control 
by Specifying Image Quality Metrics

• Canon: The desired standard deviation in soft tissue is to be 
specified

• GE: A so-called “noise index” and a minimum and maximum mA 
value are chosen. Images reconstructed with a standard kernel will 
then show the specified noise in soft tissue regions

• Philips: A “baseline mAs” is chosen. The system will calculate tube 
current modulation curves, so that the resulting images will best 
correspond to “reference images”

• Siemens: The “IQ level”, that replaces the former “reference mAs
value”, is chosen. It corresponds to a standard patient (75 kg adult) 
at 120 kV and scales across tube voltages and scanners, i.e. it is kV 
and scanner independent. Modulation strength can be set (very 
weak, weak, average, strong, very strong).
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Somatom Sessions 19:28-31, 2006
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Automatic Tube Voltage Selection
(ATVS)

• Adaption of the x-ray tube voltage to patient size and 
to the intended application as a means to reduce 
patient dose

• Contrast-enhanced applications benefit from ATVS. 
The CNR at equal radiation dose increases with 
decreasing x-ray tube voltage due to increased 
iodine contrast at lower kV settings.

Siemens Care kV
Canon Sure kV
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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
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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
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2022.
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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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BfS = Federal Office for Radiation Protection (Germany)

LCS in Germany, as an Example
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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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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.

 0.65 mSv
(bei Lungenscans)
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Topogram (a.p. view)

caudo-
cranial

cranio-
caudal

z

x

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
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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)

1Participation value 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
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• 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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ALARA Requires Optimization!

• Use tube current modulation (TCM)

• Adjust kV to patient size and application
– kV as low as possible if iodine contrast is involved

– kV as suggested by the scanner

• Use patient-specific prefilters, if available

• Reconstruction kernels not sharper and slice 
thickness not thinner than necessary

• Use iterative or deep learning reconstruction

• Minimize scan length

• Optimize the topogram as well

• Do not exaggerate!

• Image quality must be maintained! 



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.
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