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CTDlI,,, Dose Metrics and Its Derivatives
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Modulation Transfer Function Assessment in CT
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Modulation Transfer Function Assessment in CT

effect of kernel

standard kernel

bone kernel effect of slice thickness
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Noise Power Spectra Assessment of Noise in CT

CT Noise x + Dose
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Noise Power Spectra Assessment of Noise in CT

2D NPS
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Noise Power Spectra Assessment of Noise in CT

NPS Resulting from Standard Filter
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Noise Power Spectra (3D)

Radially Averaged NPS for different spatial frequencies in the z-direction
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CT image quality evaluation
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Relative Dose

Dose profiles as a function of Scan Length
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Dose at FOV Center

Dose as a function of Scan Length
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Family of physical phantoms
Cynthia McCollough, Mayo Clinic Tom Toth & Keith Strauss

standard phantoms

AAPM Task Group 204 — Pediatric CT Dose

I

00—
Monte Carlo phantoms (1 — 50 cm) Anthropomorphic Monte Carlo phantoms
John M. Boone, UC Davis Mike McNitt-Gray, UCLA
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Tables of Conversion Factors: CTDI,, to Estimated Dose

Lat + AP | Effective |Correction Lateral | Effective |Correction AP Effective |Correction Effective |Correction
Dim (cm) | Dia (cm) Factor Dim (cm) | Dia (cm) Factor Dim (cm) | Dia (cm) Factor Dia (cm) Factor
16 7.7 279 8 92 265 8 8.8 2.68 8 276
17 8.2 274 9 97 2.60 9 10.2 2.55 9 2.66
18 8.7 2.69 10 10.2 2.55 10 11.6 2.42 10 2.57
19 9.2 2.64 11 10.7 2.50 11 13.0 2.30 11 2.47
20 97 259 12 11.3 2.45 12 14 4 2.18 12 2.38
21 10.2 255 13 11.8 2.40 13 15.7 2.08 13 2.30
22 10.7 2.50 14 12.4 2.35 14 17.0 1.98 14 2.22
23 11.2 2.46 15 13.1 2.29 15 18.3 1.89 15 2.14
24 11.7 2.41 16 13.7 224 16 19.6 1.81 16 2.06
25 12.2 2.37 17 14.3 219 17 20.8 1.73 17 1.98
26 12.7 2.32 18 15.0 213 18 220 1.65 18 1.91
27 13.2 228 19 15.7 2.08 19 23.2 1.58 19 1.84
28 13.7 2.24 20 16.4 2.03 20 243 1.52 20 1.78
29 14.2 2.20 21 17.2 1.97 21 25.5 1.45 21 1.71
30 147 2.16 22 179 1.92 22 26.6 1.40 22 1.65
31 15.2 212 23 18.7 1.86 23 276 1.34 23 1.59
32 15.7 2.08 24 19.5 1.81 24 28.7 1.29 24 1.53
33 16.2 2.05 25 20.3 1.76 25 29.7 1.25 25 1.48
34 16.7 2.01 26 211 1.70 26 30.7 1.20 26 1.43
35 17.2 1.97 27 22.0 1.65 27 316 1.16 27 1.37
36 17.6 1.94 28 229 1.60 28 326 1.12 28 1.32
37 18.1 1.90 29 23.8 1.55 29 33.5 1.08 29 1.28
38 18.6 1.87 30 247 1.50 30 344 1.05 30 1.23
39 19.1 1.83 31 25.6 1.45 31 35.2 1.02 31 1.19
40 19.6 1.80 32 26.6 1.40 32 36.0 0.99 32 1.14
41 20.1 1.77 33 276 1.35 33 36.8 0.96 33 1.10
42 206 1.74 34 28.6 1.30 34 376 093 34 1.06
43 21.1 1.71 35 29.6 1.25 35 38.4 0.91 35 1.02
44 21.6 1.67 36 30.6 1.20 36 39.1 0.88 36 0.99
45 221 1.64 37 31.7 1.16 37 39.8 0.86 37 0.95
46 226 1.62 38 327 1.11 38 40.4 0.84 38 0.92
47 231 1.59 39 33.8 1.07 39 411 0.82 39 0.88
48 236 1.56 40 349 1.03 40 417 0.80 40 0.85
49 241 1.53 41 36.1 0.98 41 423 0.78 41 0.82
50 24.6 1.50 42 37.2 0.94 42 428 0.77 42 0.79
51 251 1.47 43 38.4 0.90 43 43.4 0.75 43 0.76
52 256 1.45 44 39.6 0.87 44 439 074 44 0.74
53 26.1 1.42 45 40.8 0.83 45 44 4 0.73 45 0.71




9.29 mGy = CTDIvol (16 cm phantom) 5.40 mGy = CTDIvol (32 cm phantom)
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Energy Resolution
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The path towards:

Future Dose Reduction without Compromise of Image Quality

An Integrated CT Image Quality / Dosimetry Phantom

planar x-ray detectors
MTF*
DOE(f) - L)
g NPS(f)
CT detector systems
MTF*
NPS( )
....at equal dose




The path towards:

Future Dose Reduction without Compromise of Image Quality

More accurate CT dosimetry tools

Dose Conversion Factor

1.2

1.0

0.8 1

0.6 A

0.4 1

0.2 A

0.0

scan length correction

15 20
Scan Length (cm)

25

30

35

50



The path towards:

Future Dose Reduction without Compromise of Image Quality

More accurate CT dosimetry tools

Dose Conversion Factor
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mAs to deliver 1 mSvED”™
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*at pitch=1, GE VCT
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The path towards:

Future Dose Reduction without Compromise of Image Quality

Work flow and image viewing capabilities

thin slice axial thick slice axial coronal
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kernel control
true 2D orthogonal viewing

slice thickness control

2x thick = 2x mAs
4x thick = 2x mAs
8x thick = 8x mAs

55
Some concepts courtesy Dr. Willi Kalender




Toward the Sub-mSv Exam

ICRP 103

Organ Wt Hr (mGy)| wr.Hy
Gonads 0.08 0.00 0.00
Bone Marrow 0.12 1.50 0.18
Colon 0.12 0.00 0.00
Lung 0.12 0.06 0.01
Stomach 0.12 0.00 0.00
Bladder 0.04 0.00 0.00
Breast 0.12 0.02 0.00
Liver 0.04 0.00 0.00
Oesophagus (Thymus) 0.04 0.04 0.00
Thyroid 0.04 1.20 0.05
SkKin 0.01 1.30 0.01
Bone Surface 0.01 6.10 0.06
Brain 0.01 24.00 0.24
Salivary Glands (Brain) 0.01 24 .00 0.24
Remainder 0.12 2 0.24
Not Applicable 0 0 0

Total Effective Dose (mSv)

effect

non-linear threshold

dose

HEALTH RISKS
FROM EXPOSURE TO
LOW LEVELS OF

IONIZING
RADIATION

BEIR VII PHASE 2
EE———




Toward the Low-Dose CT Exam RISk Benefit
Risk

Significant Extra-colonic findings in CT colonography

54 cancers / 10,286 asymptomatic patients
5.2 cancers / 1000 cases ® 0.5 fatal cancers / 1000 cases
10:1 Benefit to Risk ratio?

Head CT in the Emergency Department (~3000 studied)
| 5% (50 / 1000) ® 0.5 fatal cancers / 1000 cases
%4 100:1 Benefit to Risk ratio?

* Pickhardt et al: Colorectal and extra-colonic cancers detected at screening CT colonography in
10,286 asymptomatic adults, Radiology 255: 2010; 83-88

**Rawson, Boone, Brunberg & Bobinski, in preparation >7



Relationship between Photon
Count, Dose, and Image Quality

Introduction

An Integrated CT Image Quality / Dosimetry Phantom
Beyond CTDI,, - including scan length dependence
Beyond CTDI,, — including patient size dependence

Energy Integrating versus Photon Counting CT Detectors

Summary

58



