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emergency room CT scans

in press, Journal of the American College of Radiology

emergency room CT use rate

in-patient CT use rate
out-patient CT use rate
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CT scans per patient

mean = 2.88

The radiation levels from CT has caught the eye of the public

CTDI100

let’s go measure the
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Bob Dixon

David Brenner

So what’s wrong with the CTDI100?
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where it all began…….
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So what’s wrong with the CTDI100?
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So what’s wrong with the CTDI100?

32 cm28 cm

ρ ≈ 1.0

ρ = 1.19

So what’s wrong with the CTDI100?

scan length

So what’s wrong with the CTDI100?

16 cm diameter PMMA cylinder

So what’s wrong with the CTDI100?

32 cm diam eter PMMA cy linder
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100 mm pencil chamber
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Computation of effective dose (ImPACT of UK) based on
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ICRU: Image Quality and Patient Dose in CT
John M. Boone (US)
James Brink (US)
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A. CT scanner radiation output measurement

B. Dose to the Reference Patient - DRP

C. Dose to the Individual Patient

ICRU: Image Quality and Patien t Dose in CT
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A. CT scanner radiation output measurement

A-1 CTDI100

A-2 D(z) of CT beam

A-3 D(x, z) of CT beam

A. CT scanner radiation output measurement

A-1 CTDI100

A-2 D(z) of CT beam

A-3 D(x, z) of CT beam

A. CT scanner radiation output measurement

A-1 CTDI100

A-2 D(z) of CT beam

A-3 D(x, z) of CT beam

B. Dose to the Reference Patient - DRP

B-1 Definition of the Reference Patient

B-1.1 Size Range

B-1.2 Standard Scans (DRP-X)

B-2a Monte Carlo measurements

B-2b physical measurements

B-3 Utility of DRP-X

B-2 Dose assessment
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30.1-35 cm (S)35.1-40 cm (M)

40.1-45 cm (L)45.1-50 cm (XL)> 50 cm (XXL)

Size Range

head

thoracic pelvisabdomen

Stand ard Scans

B. Dose to the Reference Patient - DRP

B-1 Definition of the Reference Patient

B-1.1 Size Range

B-1.2 Standard Scans (DRP-X)

B-2a Monte Carlo measurements

B-2b physical measurements

B-3 Utility of DRP-X

B-2 Dose assessment
abdomen

θ

0 2π1.5π0.5π 1π

αx2 + βy2 = r

r’ = a + bθ + cθ2 + dθ3 + ….

θ

r

Monte Carlo Simulations

vendor
bow tie
spectrum
etc.

Monte Carlo Modeling
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abdomen

θ

0 2π1.5π0.5π 1π

αx2 + βy2 = r

r’ = a + bθ + cθ2 + dθ3 + ….

θ

r

physic al dose measurem ent s

TLDs

B. Dose to the Reference Patient - DRP

B-1 Definition of the Reference Patient

B-1.1 Size Range

B-1.2 Standard Scans (DRP-X)

B-2a Monte Carlo measurements

B-2b physical measurements

B-3 Utility of DRP-X

B-2 Dose assessment

Pediatric Female Male

Doses from XX CT Scanner in Room 4
(mGy per 100 mAs )

abdomen

thorax

Xs xx yy zz
S xx yy zz
M xx yy zz
L xx yy zz
XL xx yy zz

Xs xx yy zz
S xx yy zz
M xx yy zz
L xx yy zz
XL xx yy zz

C. Dose to the Individual Patient

C-1 Doses to patients measured in mGy

C-2 Individualized deterministic dose computation
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Dose metrics
Dose units

average tissue dose (mGy)

Indiv idu alized Dose Estimates

DICOM header
kVp, mAs eff., pixel size, slice thickness, etc.

Determination of Primary Dose



14

primary dose imageCT image

Determination of Scat ter Dose

HU

1000 bone

0 tissue

-1000 air

scatter to primary ratio
(per voxel) - SPR

primary dose imageCT image

P

S
S

S

µ
µ

scatter

total

HU

µ
µ

scatter

total
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Dose(x,y,z) = Doseprimary(x,y,z) + Dosescatter(x,y,z)

CT image

primary dose image

scatter dose image

primary dose

scatter dose

total dose

three dimensional dose distribution



16

Determination of Dose

from CT Examinations

Why are we here?

Definitions

CT “dosimetry” in the real world

Perspectives from the ICRU Committee

Summary

Which of the following is NOT a good reason why
measurements using a 100 mm pencil ionization chamber
located in a 32 cm diameter PMMA phantom are inaccurate
determinants of patient dose in body CT?

0%

0%

0%

0%

0%
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Question 1:

1. Most patients are not 32 cm in diameter

2. No patient has an average tissue density of 1.19 g/cm3

3. Air ionization chambers are not as accurate as TLDs

4. Most CT scans are longer than 10 cm in length

5. The cylindrical profile of the phantom prevents realistic

mA modulation schemes

Upcoming ICRU recommendations for CT dosimetry will likely
eliminate the use of which one of the following parameters
when computing the dose to a specific patient?

0%

0%

0%

0%

0%
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Question 2:

1. effective dose

2. absorbed dose

3. air kerma

4. Monte Carlo-derived dose conversion coefficients

5. The dose dependency on bow tie filter and kVp

THE END


