)

Dosimetry in breast computed tomography INEN

Istituto Nazionale
PaOIO RUSSO u di Fisica Nucleare
Universita di Napoli Federico I, Dipartimento di Fisica ‘E. Pancini’

INFN Sezione di Napoli
Napoli, Italy

moXima

russo@na.infn.it




Half Cone Beam CT Geometry

| A — o
Phase-contrast breast microCT w/ SPECT university of Rochester (Prof. R. Ning)
(University of Naples «Federico ll»)  Koning Corp. commercial scanner
60-120 kV (FDA/EU approved for diagnostic imaging
in combination with mammography,
non contrast) 49 kVp

University of Massachusetts
— (Prof. A. Karellas) 70 kVp University of Erlangen & CT Imaging (Prof. W.

e A _Kalender) Photon-counting detector 60 kVp
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MGD = DgN, x K

Measurement of Air Kerma at scanner 1socenter
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Cylindrical breast

Breast height = 1, 1.5, 2*breast radius
Homogeneous adipose/glandular mix
Skin thickness = 1.45 mm
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Breast diameter = 14 cm
Glandular fraction = 20%

20 40 60
Incident photon energy (keV)

Simulated processes:
- Compton Scatter

- Rayleigh Scatter

- Photoelectric effect
Bremsstrahlung



Monochromatic DgN I

Polyenergetic DgN I Glandular fraction: |
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Breast diameter = 12 cm
Glandular fraction = 25%
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Incident photon energy (keV) 1 a9 kVp
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S5 d(E) X 9(E) x DgN(E) X AE 6 8 10 12 14 16

yEmax ¢ (F) x 9(E) x AE Breast diameter (cm)
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Fitting R® > 0.9999 |

Breast diameter = 120 mm
Breast glandularity = 25%
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Sechopoulos et al (2010)[28]
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Calculated values
—— 8th-order polynomlial fit-curve 0.3 0.4 0.5 0.6
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Locally adaptive image
threshold for skin extraction

Adipose inclusion
—_—

wojueyd jseaiq
anyroads juaneg

[4+3
5;[-
22
w
s g
=i
= B
g 2|\
5.2
=
N o

Threshold + erosion + holes filling
for gland extraction




Coronal view

Sagittal view

Patient specific Homogeneous model
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Coronal view

Axial view

Sagittal view
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Glandular dose, 10> mGy / photon

Patient specific Homogeneous model
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Glandular dose distribution within a patient specific heterogeneous breast (left) and within a
homogeneous cylindrical breast model (right). The grey lines indicate the skin boundary. The
coronal slice was selected at 2.1mm from the chest wall and the sagittal slice is at the mid-
breast. Simulated beam quality: 49 kVp, HVL=1.40mm Al.
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Conclusions

- Homogeneous and heterogeneous breast models for MGD
evaluation in breast CT have been presented, with 1.45 mm skin
thickness

- Monoenergetic and polyenergetic DgN coefficients have been
provided up to 80 keV with Geant4 MC simulations

- MGD estimates differ by less than 8%, on average, with respect to a
patient specific breast model (min -15%, max +27% difference) (49
kVp, HVL 1.4 mmAl)
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