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A Growing Practice

The use of CT scans in the U.S. has more
than quadrupled since the early 1990s.

80 million

1993 95 97 99 ‘03 ‘05 07 '10 11
Note: Figures are not available for 2008-09.
Source: IMV Medical Information Division The Wall Street Journal
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Outline

e FAQs about imaging radiation risk
e Metrics of risk

7 FAQs about radiation risk
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Int. J. Epidemiol. Advance Access published October 1, 2010
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Diagnostic X-rays and risk of childhood
leukaemia
Karen Bartley,'* Catherine Metayer,' Steve Selvin,' Jonat

Conclusions The results suggest that exposure to post-natal diagnostic X-rays is
associated with increased risk of childhood ALL, specifically B-cell
ALL, but not AML or T-cell ALL. Given the imprecise measures of
self-reported X-ray exposure, the results of this analysis should be
interpreted with caution and warrant further investigation.

Bricish Journal of Cancer (208) 108, 204212
x ‘4 . $N0

‘www.bjcancer.com

Mortality and cancer incidence following occupational radiation
exposure: third analysis of the National Registry for Radiation
Workers

08
CR Muirhead"', JA O'Hagan', RGE Haylock', MA Philipson', T Willcock', GLC Berridge' and W Zhang'
"eoth Protecton Agency. Centee flor Radoson, Chemwes! ond Envimamental Mazords, Chton, Didcoe, Ouon 0X1 1 08Q UK
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Figure | Trends with dose in relative rsk (and 90% CI) for mortalty
from leukaemia excluding CLL.
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Clearly indicated Softly-indicated
exams informing an exams when
explicit course of individual benefit is
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Risk metrics
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Metric Definition

CTDI, DAP, Radiation burden from an imaging system to a standard
Activity, etc sized phantom
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CTDI, DAP,
Activity, etc

Dose metrology syntax
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Radiation burden from an imaging system to a standard
sized phantom

SSDE

Radiation output of a CT system adjusted for the average
patient size (for chest, abdomen/pelvis scans)

Normalized Dose Coefficient
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mGy

Dose metrology syntax

Metric Definition

CTDI, DAP, Radiation burden from an imaging system to a standard
Activity, etc sized phantom
SSDE Radiation output of a CT system adjusted for the average

patient size (for chest, abdomen/pelvis scans)

Organ dose Dose to individual organs; estimated by simulation or
experimental measurement

Sahbaee, Samei, MP, in press, 2014
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Metric

CTDI, DAP,
Activity, etc

Definition

Radiation burden from an imagin
sized phanto

SSDE

Radiation output of a CT system ai - .o
patient size (for chest, abdomen/pelvis scans)

Organ dose

Dose to individual organs; estimated by simulation or
experimental measurement

Effective Dose

CTDI, DAP,
Activity, etc

Weighted sum of organ/tissue equivalent dose for radiation
sensitive organs ignoring patient specific factors

Definition

Radiation burden from an imaging system to a standard
sized phantom

SSDE

Radiation output of a CT system adjusted for the average
patient size (for chest, abdomen/pelvis scans)

Organ dose

Dose to individual organs; estimated by simulation or
experimental measurement

Effective Dose

Weighted sum of organ/tissue equivalent dose for radiation
sensitive organs ignoring patient specific factors

Risk index

Weighted sum of organ/tissue equivalent risk for radiation
sensitive organs, accounting for age, gender, anatomy
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Risk index/DLP "¢" (cases/1,000,000 exposed/mGy-cm)
A B B B 8B 0 " N B

0-0.1 0102 0204 0406 061 115 1525 2545 457 712 1230

Male

Age (y.0.)
Age (v.0.)

015 20 22 0 ¥ W llsnxsxssu
Average abdominopelvic diameter (cm) Average abdominopelvic diameter (cm)

Tian, Samei, PMB, 2014
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Metric Physical  Scanner Patient Patient Patient  Patients  Patient
((H model Size anatomy age Gender total

derived) and burden
factors

CTDI, DAP,
Activity, etc

SSDE

Effective Dose

Risk index
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o9 , IMaging Simulation

Images reconstructed
from projections
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Example Dose Distributions

chest exam abdomen-pelvis exam

Organ Dose vs Patient Size
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Typical organ dose values
(chest CT)
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Convolution-based technique in
quantifying irradiation field
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Convolution-based Dose Profile

Dose rate profile TCM profile
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Atlas-based organ dose estimation

SSDE
CTDI1

¥ Convolution-based Estimation
L —l & Actual Organ Dose
Skin JEEEENN—
Marrow P

Small_int §= -
Testes =___a
Adrenals |
Prostate
Pancreas §
Large intestine §
Bladder
Kidneys ¢
Stomach
Spleen
Gall bladder §

Liver

Clinical Patient XCAT Model Esophagus fSs=st,

Trach-bronchi F=4

. . ungs P
Gender: male Gender: male Lusgs |

Age: 63 Age: 47 Breass 7
Weight 72.1 kg Weight 76.6 kg -

(c) Ehsan Samei, 2019. Use for non-personal
purposes by prior permission only. 24



Atlas-based organ dose estimation

Chest-apdomen-pelvis Chest __Abdomen-pelvis Abdmen Pe'lyic Kidney-to-bladder
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DLP based Effective Dose
Organ Dose-based Effective Dose from ICRP10 phantom

Organ Dose-based Effective Dose

Organ Dose-based Effective Dose adjusted by age/gender
Risk Index for a reference patient

Risk Index from ICRP10 phantom
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CTDI

i

10 20 30 4 S50 60 70 8 9 100
RI (number of cancer per 10°5 patients per mGy)

(c) Ehsan Samei, 2019. Use for non-personal
purposes by prior permission only. 28



2000

£ 1500

mGy*c

1000

DLP

500

DLP

RI (number of cancer per 105 patients per mGy)

10 20 30 40 50 60 70 80 90 100
RI (number of cancer per 10*5 patients per mGy)
35
30 =
&25 ; e
E -
w20 e .
o :
7]
? 15
10- _,:.'-‘
- .f'" .
5
10 20 30 40 50 60 70 80 90 100

(c) Ehsan Samei, 2019. Use for non-personal

purposes by prior permission only.

11/21/19

29



30
25
% 20 —
é -
*15 =
o
w
10
5 -
10 20 30 40 50 60 70 80 90 100
RI (number of cancer per 10*5 patients per mGy)
ED’
: - =
6 P
=5 S
& .
Es
[=)
|
2
1
10 20 30 40 50 60 70 80 90 100
RI (number of cancer per 10°5 patients per mGy)

(c) Ehsan Samei, 2019. Use for non-personal

purposes by prior permission only.

11/21/19

30



11/21/19

Rl,

per 105 patients per mGy)

- .

150 .t
100 s ol
5 9,3:5; e

Lo W

RI_0 (number of cancer

 artsit
10 20 30 40 50 60 70 80 90 100
RI (number of cancer per 105 patients per mGy)

0

Take-home Points

(c) Ehsan Samei, 2019. Use for non-personal
purposes by prior permission only. 31



11/21/19

(c) Ehsan Samei, 2019. Use for non-personal
purposes by prior permission only. 32



11/21/19

(c) Ehsan Samei, 2019. Use for non-personal
purposes by prior permission only. 33



