lodine in Photon-Counting CT

Marc Kachelriel

German Cancer Research Center (DKFZ)
Heidelberg, Germany
www.dkfz.de/ct

DEUTSCHES
z KREBSFORSCHUNGSZENTRUM
. IN DER HELMHOLTZ-GEMEINSCHAFT



Anode angle, and the small pixel effect (SPE)

GENERAL FACTS



Anode

Wedge filter
Additional filters

Bow-tie filter

Detector

Figure not drawn to scale. Type and order of prefiltration may differ from scanner to scanner.

Depending on the selected protocol filters are changed automatically (e.g. small bowtie for pediatric scans).
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Lell, Wildberger, Alkadhi, Damilakis, KachelrieB. Evolution in Computed Tomography. Invest. Radiol. 50(9):629-622, 2015.
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Detector Pixel Force vs. Alpha

Force Alpha (Std, Quantum Plus) Alpha (UHR, QuantumHD)
920 x 96 detector pixels 1376 x 144 macro pixels 2752 x 120 pixels
pixel size 0.52 x 0.56 mm at iso pixel size 0.3 x 0.352 mm at iso pixel size 0.151 x 0.176 mm at iso
avg. sampling 0.56 x 0.6 mm at iso avg. sampling 0.344 x 0.4 mm atiso avg. sampling 0.172 x 0.2 mm at iso
57.6 mm z-coverage 57.6 mm z-coverage 24 mm z-coverage

El pC rC

ASG 1234 ‘ ASG'? ASG'?

1234

| - Focus sizes (Vectron): 0.181x0.226 mm, 0.271x0.7316 mm, 0.362x0.497 mm at iso
B which are 0.4x0.5 mm, 0.6x0.7 mm, 0.8x1.1 mm at focal spot

J. Ferda et al. Computed tomography with a full FOV photon-counting detector in a clinical setting, the first experience. European Journal of Radiology 137:109614, 2021 dkfz
o

2Rajendran et al. Full field-of-view, high-resolution, photon-counting detector CT: technical assessment and initial patient experience. Phys. Med. Biol. 66:205019, 2021



The “Small Pixel Effect”
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KachelrieB, Kalender. Med. Phys. 32(5):1321-1334, May 2005



Small Pixel Effect at Naeotom Alpha

Medium Phantom, 4 mGy CTDI;,

Noise
A
600 HU ==
500 HU 4 Reconstruction at same spatial resolution:
I\ Less noise/dose with smaller pixels.
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To disable the longitudinal small pixel effect, we reconstructed rather thick slices (1 mm thickness).



51% dose/reduction
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PCCT without spectral processing

CONVENTIONAL IODINE



Energy-integrating
(Detected Spectra at 100 kV and 140 kV)

0 keV 33 keV 100 keV 140 keV

lodine k-edge

100 kV and 140 kV El spectra as seen after having passed 32 cm of water. dkfz.



Photon-Counting
(Detected Spectra at 100 kV and 140 kV)

IOdine EffeCt”

0 keV 33 keV 100 keV 140 keV

lodine k-edge

Signalps = /dE 1 N(F)

100 kV and 140 kV PC spectra (one bin) as seen after having passed 32 cm of water.



lodine Effect

0 50 100 150 200 L/keV

Detected 120 kV spectra without (E° = PC) and with (E' = El) energy weighting.



lodine Effect

For those unfamiliar with s

The effective attenuation coefficient, s, describes
the attenuation of a material (here: iodine) under
the actual imaging conditions. It corresponds to the
attenuation observed by the detector for a poly-
chromatic x-ray spectrum (tube voltage U) after the
beam has traversed the patient (here: 16 cm
water) and the material.

Thus, w4 is directly related to the CT number of
the material.

Plus 25% enhancement

L allows
6F $+9% to reduce
L contrast media by 20%
L or
L x-ray exposure by 36%.
4 - o—>
L +10-kV
i +20 kV.
L 1+25%
2 -

lodine 4 wrt 16 cm water layer without and with energy weighting.



Strange “1 0-t0-1 0 Ru Ie”1 that “%?’Ig-e‘lrgiﬂ?ea””i%nplies

Do 10 kV less allow for 10% less iodine? per(U) o e~ U n(1/0-9)/10 kV
ﬂeff(U) L :
12 which is unphysm_al_
i for polychromatic radiation.
10 L 10-to-10 curves of PC and El detector
- / Should follow the gray curves. They don‘t.
8f
: WhiteCurve(U) = GrayCurve(U-10 kV) x 0.9
or
of
2F Oversimpilifications neither help e P — _
[  the patient nor the environment.
[ L L L L | L L L L | L L L L | L L L L | U/kV
20 100 150 200

Lowering from 80 to 70 kV increases contrast by 24%. This allows to reduce iodine by 19%.
Lowering from 120 to 110 kV increases contrast by 10%. This allows to reduce iodine by 9%.
Lowering from 150 to 140 kV increases contrast by 7%. This allows to reduce iodine by 6%.

TMartens et al. Tailoring Contrast Media Protocols to Varying Tube Voltages: The 10-to-10 Rule. Invest Radiol 55(10):673-676, Oct. 2020 dkfz.



X-Ray Dose Reduction of B70f

LUHR vs. Macro
?C WS 23% + 12% 34% + 10% 35% + 11% 25% + 10%
32% = 10% 32% + 8% 35% + 8% 34% + 9%

35% + 10% 29% +15%  27% + 9% 31% £ 1%

33% + 9% 52% + 5% 57% = 7% 57% + 6%

41% £+ 8% 47% + 7% 60% + 6% 62% + 4%
48% + 8% 43% + 10% 54% + 6% 63% * 5%

Noise T PC-UHR Mode PC-Macro Mode El detector
B70f 0.25 mm pixel size  0.50 mm pixel size 0.60 mm pixel size

» Resolution

Klein, KachelrieB, Sawall et al. Invest. Radiol. 55(2), Feb 2020




5. Sawall, et al European Journal of Radiology 126 (2020) 108909
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Fig. 3. Exemplary CNRD values measured in semi-anthropomorphic phantoms of different sizes (top) and the resulting CNRD improvement and contrast media
reduction potential (bottom).

Table 1
CNRD improvement @media reduction potential, respectively, among all considered scan protocols for all tube voltages and all phantom sizes.

W Small Medium Large

PC1 vs. EI 80 kV 33+88% 23+x61% 8l1x76%
100 kV 10.9 + 8.0 % 0.4+85% 15.6 + 6.2 %
120 kV 138+7.1% 18.8 + 8.1 % 18.8+94%
140 kV 21594 % 241 £83% W05£86%

PC2 vs. EI 80 kV 58+£91% 5.6 = 5.4 % 10.0£7.9%
100 kV 13.8+ 81 % 11.1 +7.8% 20,6 + 5.9 %
120 kV 164+ 8.6 % 25.0 = 8.8 % 227 +9.9%
140 KV 26,7 £ 94 % 332£098% F3I£90%

PC2 vs. PC1 80 kV 24+33% 31+£39% 1.8 =£39%
100 kV 27 £4.4% 1.7 £ 3.4 % 4537 %
120 KV 23x45% 53+x26% 3.4+43%

140 KV 44+43% 74+£35% 53+2.8%




Virtual monoenergetic imaging (VMI)

SPECTRALLY PROCESSED IODINE



Hoeijmakers et al., 2024:
—1 A reduction of 20% iodine was observed for PCCT.

L)
PCD-CT enables contrast media reduction in abdominal imaging compared %55
to an individualized kV-adapted contrast media injection protocol on

, Joz I E \V ldl

Dabli et al., 2025:
e lodine reductions of up to 49% were observed.
e imen e ;izz?tz::t;%?;'za jll (49% at 40 keV VMI)

ducing |od|ne contrast media

aby?, Julien Erath?, Cédric Croisille?, Fabricio Pereira’,

European Radiology Popp et al., 2025:

, : ®
Potential of photon-counting detector CT =~ ==
technology for contrast medium reduction
in portal venous phase thoracoabdominal CT

Stammen et al., 2026:
PCCT reduced iodine by 27% and CTDI by 24%.

Reducing contrast media dosage for
pulmonary embolism CTPA in PCD-CT:

a comparative study of EID-CT and PCD-CT
in the era of individualized protocolling

@, Eva JIH eijmakers'?, Thomas G. Flohr H[ “«u[ 4, Janneke Vandewall'
er'?, !RLFNJeimSaj[bi
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VMI‘s lodine Contrast, Noise, CNR

Assuming no noise reduction

C, N in HU
CNRe i
1in % VMI(E) = (1 — w(E)) fu(r) + w(E) fu(r)

200 B Contrast(E) = VMI(E)

150 F

100 f

50
- — — 200 FE [keV

VMI demonstration based on 70 and 150 kV simulations of a 16 cm water phantom with 50 HU noise in f_ and f,,. dkfz.



VMI‘s lodine Contrast, Noise, CNR

C, N in HU
CNRe |
1in % VMI(E) = (1 — w(E)) fu(r) + w(E) fu(r)
200 B Contrast(E) = VMI(E)
| | Ba:h;:i:_pageri d_ata_
150 [ : i
(8
I \
100 L
- — — 200 FE [keV

70 and 150 kV simulations (solid) and patient measurements on Naeotom Alpha (dashed). dkfz.



Shaken, not stirred

OTHER CONTRAST AGENTS?



p(E)/u(Eo) B =150 kev

I (70 keV) Lhre
50 '
lodine 0.343/mm 100%
Bismuth 2.021/mm 589%
10
5F
Tungsten
Bismuth
: L L L L ] L L L | 1 ] E/kev
; 50 100 0
O05F

Parameters a and b chosen such that the calcium-water mixtures is very similar to iodine. dkfz.



MeH(U)/M(EO) Ey = 150 keV

50 F

Tungsten
10 |
Bismuth :
5F
0.5F

Effective attenuation wrt 16 cm water layer and typical El detector. Dashed curves are with 0.6 mm tin filter. dkfz.



)u/eff([Ta 1"+ 50 kev])/U(EO) Eo = 150 keV

50 F

Tungsten
10

Bismuth

Effective attenuation wrt 16 cm water layer and typical PC detector. Solid: 80 kV. Dashed: 150 kV. dkfz.



Summary

* Due to several effects PCCT is far more dose-efficient than EICT
— The small pixel effect
— The iodine effect
— No electronic noise
— VMI provides further contrast enhancement

 The increased dose efficiency yields better images or may be traded
in for dose or contrast media reduction.

* 10% less contrast agent must be compensated by a 23% increase in
x-ray exposurel.

« Contrast agents other than iodine do not exist and may not make
sense.

Due to 1/0.92 = 1.23. dkfz.



Thank You!

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

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

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