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Total Dose Reduction
Additionally Possible Compared to Today‘s CTs

• Risk-specific AEC (Joscha Maier)
– about 10%, depending on the tube voltage

• Optimized spectra (Michael McNitt-Gray)
– 20% to 50% with Sn prefilters for unenhanced depending on object size

– ??? for enhanced scans

• Dynamic bowtie (Grace Gang)
– 27% to 50%

• Photon counting:
– ???

• Deep learning instead of iterative recon
– ???
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Dose Reduction by Patient-Specific 
Tin or Copper Prefilters1,2

• Soft tissue CNRD in single energy CT:

– Can be maximized by choosing the Sn or Cu prefilter as thick as the tube 
power allows to.

• Iodine CNRD in single energy CT:

– Cu prefiltration allows for significantly higher iodine CNRD than Sn.

– Can be maximized by choosing the Cu prefilter as thick as the tube power 
allows to.

– Sn prefilter thickness should be adapted to the patient size (zero for children, 
small for adults, as thick as tube power allows for obese).

• Deviating from the optimal Sn filter thickness by 0.1 mm results in 
a dose increase of up to 4%.

1Steidel, Maier, Sawall, Kachelrieß. Tin or Copper Prefilters for Dose Reduction in Diagnostic Single Energy CT? RSNA 2020.
2Steidel, Maier, Sawall, Kachelrieß. Dose Reduction through Patient-Specific Prefilters in Diagnostic Single Energy CT. RSNA 2020.
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Dose Reduction by Photon Counting

• Numerous publications (next slides)
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Willemink et al. (Review Paper)

• Dose reduction values of 
32%, 34%, 36%, 60% for 
various scenarious, also 
inclduing patients.
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Kappler et al.

• Dose reduction of up to 
32% due to the higher 
iodine contrast PC 
detectors provide.

Kappler et al.  Proc. SPIE 8313,  83130X, 2012
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Pourmorteza et al.

• Brain imaging: dose 
reduction of approx. 
40% possible (iterative 
reconstruction).

Pourmorteza et al. AJNR Am J Neuroradiol 38:2257–63, 2017
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Pourmorteza et al.

• Radiation dose 
reduction up to 34%
(due to small pixels 
effect), B70f kernel

Pourmorteza et al. Invest Radiol 53: 365–372, 2018
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Zhou et al.

• Dose reduction of 64%
for temporal bone 
imaging (U70f kernel).

• Comparison between 
PC-UHR and EI detector 
with a comb filter.

Zhou et al. AJNR Am J Neuroradiol 39(9):1733-173, 2018
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Rajendran et al.

• Comparison between PC-
UHR+Sn 100 kV (CounT) and  EI 
120 kV (Flash)

• A UHR mode with comb filter 
was used (only) for the temporal 
bone cadaver scan on the EID-
CT.

• Phantom: Dose reduction of up 
to 56.5% (H70 kernel)

• Cadaver:

– Sinus protocol : dose reduction 
of 67% (H70)

– Temporal bone protocol (EI with 
comb filter): dose reduction of 
83% (U70)

Rajendran et al. Invest Radiol 55(2):91-100, 2020
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Klein et al.

• Dose reduction due to 
small pixels: 31% for 
B70f.

• Dose reduction due to 
small pixels + iodine: up 
to 43% for D40f and up 
to 63% for B70f.

Klein, Kachelrieß, Sawall et al. Invest. Radiol. 55(2):111-119, 2020
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Dose Reduction by Photon Counting

• Reasons for less dose
– Better iodine contrast

– Energy bin weighting

– UHR without comb

– Smaller pixels

– …
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Dose Reduction by Deep Learning
• Not many clinical studies exist

– Canon‘s AiCE shown 20% noise reduction (36% less dose) 
compared to AIDR 3D in coronary CTA1

– Canon‘s AiCE outperforms AIDR 3D which outperforms FIRST in 
lesion detection2. It further outperforms FIRST which outperforms 
AIDR 3D noise-wise2: Average dose reduction (taken from noise 
reduction) compared to FIRST is 38%.

1Tatsugami et al. Deep learning–based image restoration algorithm for coronary CT angiography. EuRad 29:5322-5329, 2019
2Singh et al., Image Quality and Lesion Detection on Deep Learning Reconstruction and Iterative Reconstruction of
Submillisievert Chest and Abodminal CT. AJR 214:566-573, March 2020

2=38%

Information taken from https://global.medical.canon/products/computed-tomography/aice_dlr
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Dose Reduction by Deep Learning
Region Noise DL Noise Iterative Dose Reduction DL to Iterative Ref.

Liver 11.4 HU 16.2 HU 51% [1]

Subcutaneous fat 9.9 HU 13.2 HU 44% [1]

Paraspinal muscle 9.9 HU 14.5 HU 54% [1]

Abdominal aorta 11.11 HU 15.5 HU 48% [1]

Abdomen SNR = 5.08 SNR = 2.93 69% [2]

Phantom
9% to 17% DLR-L, 46 to 56% DLR-H

compared to AV50 (IR with 50% dose level)
[3]

Coronary Artery 42% 100% (ASiR70) 66% compared to ASiR70 [4]

Abdomen
61% compared to MBIR

67% compared to HybridIR
[5]

Full body 50% compared to FBP [6]

[1] Shin YJ, Chang W, Ye JC, et al. Low-Dose Abdominal CT Using a Deep Learning-Based Denoising Algorithm: A Comparison with CT Reconstructed with 
Filtered Back Projection or Iterative Reconstruction Algorithm. Korean J Radiol. 2020;21(3):356‐364.
[2] A. Heinrich, M. Engler, N. D. Didier, U. K. M. Teichgräber, F. Güttler“ Deep Learning Image Reconstruction in Clinical Practice” ECR 2020
[3] Greffier et al. Image quality and dose reduction opportunity of deep learning image reconstruction algorithm for CT: a phantom study. EurRad 30(7), 2020
[4] R. R. Buechel , D. C. Benz , G. Rampidis , P. A. Kaufmann Impact of deep learning image reconstruction on quantitative and qualitative image assessment 
in coronary computed tomography angiography ECR 2020 
[5] Akagi, M., et al. Deep learning reconstruction improves image quality of abdominal ultra-high-resolution CT. Eur Radiol 29, 6163–6171 (2019).
[6] Andrew D. Missert, et al. Noise Subtraction for Low-Dose CT Images Using a Deep Convolutional Neural Network. Proceedings of the CT-Meeting 2018. 
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Total Dose Reduction
Additionally Possible Compared to Today‘s CTs

• Risk-specific AEC (Joscha Maier)
– about 10%, depending on the tube voltage

• Optimized spectra (Michael McNitt-Gray and                                  )
– 20% to 50% depending on object size

• Dynamic bowtie (Grace Gang)
– 27% to 50%

• Photon counting (literature):
– 30%

• Deep learning replacing iterative recon
– 10% to 30%

• The additional future dose reduction potential is conservatively 
estimated to be round about 70%.

– 1  (1  10%)  (1  20%)  (1  27%)  (1  30%)  (1  10%) = 67%
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Outlook

• Vendors: 
– Implement those measures and bring them into clinical routine

• Medical physicists and radiologists: 
– Use the new technology to reduce patient dose

– Or use it to improve image quality



Thank You!

This presentation is available at www.dkfz.de/ct.
Job opportunities through DKFZ’s international Fellowship programs (marc.kachelriess@dkfz.de).
Parts of the reconstruction software were provided by RayConStruct® GmbH, Nürnberg, Germany.


