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Summary

A brief history of the....

Evolution of CT Scanners and Dosimetry
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CTDI:

Computed Tomography Dose Index
A method for describing the doses delivered by
transmission x-ray computed tomography”

Thomas B. Shope, Robert M. Gagne, and Gordon C. Johnson
Bureay of Rodinlogical Health, Food and Drug Adminitiration, 5600 Fishers Lane, Rockuille, Maryland 20857
{Reseived 23 September 1980 aceepted for publication 3 October 1580
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Il. SUGGESTED DOSE DESCRIPTOR FOR 5.l
COMPUTED TOMOGRAPHY 3
The dose descriptor we propaose is the computed tomog- ‘i 2ol
raphy dose index (CTDI) denoted as € and defined by
e

C =1 J': Dy(z)dz, (n
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7 -axis pasition (mm)

CTDI - based Dose Metrics

32 cm diameter PMMA
100 mm pencil chamber

16 cm diameter PMMA

The Tools.......

CTDI - based Dose Metrics

C—CTDigeweripheral

The Methods.......

. Measuring CTDI,, in the real world 8
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CTDI - based Dose Metrics

% x CTDl,,, peripheral

+ % x CTDlyy, center

weighted CTDI, CTDI,,

dose = 1/ pitch

Volume CTDI,  CTDI,, = CTDI,, / pitch

vol —

The Mechanics.......

W Leitz, et al., CT dose assessment — a practical approach, Radiat Prot Dosim 1995; 57: 377

dose

-Z Z=0 +Z
position

Which scan has more “dose”?

Tt

...to first order, the dose is the same

T

Dose Length Product (DLP):

T

DLP =CTDl,, xL (mGy ® cm)

energy
dose = <%

Mass energy imparted = dose p(L x :rrz)
energy = dosex mass

3 DLP is related to the total energy deposited in the patient .,
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Effective Dose per DLP
(AAPM TG-96)

Region of Body k (mSv/[mGy-cm])
Head and neck 0.0031

Head 0.0021
Neck 0.0059
Chest 0.014
Abdomen / pelvis  0.015
trunk 0.015

Effective Dose = DLP x k

E=0.0023 = DLP
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CTDI - based Dose Metrics

The Tools
The Methods

CTDl,, (center & peripheral)

CTDI,,

The Metrics CTDI,,

DLP

CTDl is a good measure of CT dose to a large plastic

phantom, but is not a stand-alone metric for patient dose

A new look at CT dose measurement: Beyond CTDI
Robert L. Dixon
Med Phys 2003

The trouble with CTDl,q,

dote M1

i &
ioblishisd 20 Ml 20073

Restructuring CT dosimetry—A realistic strategy for the future
Requiem for the pencil chamber

Robert L. Dixon

Med. Phys. 33, 3973 (2006)

CT Dose Index and Patient Dose:
They Are Not the Same Thing!

@
z
=
=

Experimental validation of a versatile system of CT dosimetry using a

conventional lon chamber: Beyond CTDI100

Robert ixon and Adam C. Ballard

Med. Phys, 34, 3399 (2007) 015

Measurements and Indices in CT Dose

Introduction & Historical CT Dose Metrics
s Dose dependency on patient size

Dose and CT scan length

Phantoms and radiation meters
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Summary
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UC Davis Data A

Dose Dependency on patient size

/85%
b

igger by
mass
32 cm PMMA phantom average patient
1138 cm? 615 cm?

Relative dose

. effective diameter 4

AAPM Report No. 204

an
\Y

Size Specific Dose Estimates (SSDE)
in Pediatric and Adult CT Examinations
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TG-204 Approach

® Four Independent Research Groups

#® Studied Size-dependent CT Dose

Mike McNitt-Gray, et al. Hong Zhou and John Boone

Cynthia McCollough et al.
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vol

is indicated on most scanners.....

CTDlvol
mGy
13.2

8/1/2013



8/1/2013

Size-Specific Dose Estimate (SSDE)

TER  Patient Name: Exam no;

Accession Number: Apr 2009
LightSpeed16

Exam Description: CT CHEST WITH CONTRAST

SSDE conversion factor

Dose Report

A Scan Range CTDIvol DLP Phantom

Series  Type {mm) (mGy)  (mGy-cm) om l

Scout

Helical 1510.250-1700.250, 1555 | 349.79 CTDI, (mGy) x f =ssbDE (mGy)
661 y 32

1

.

4 Helical 000 17.48
4 Helical 5 16.09
4

Helical  1230.750-1725.750 7.98

Hif-d air kerma absorbed dose
Toral Exam DLP:

1/1

Problems with CTDI,,

15 cm phantom —)I |(—

Introduction & Historical CT Dose Metrics = |

Dose dependency on patient size

Measurements and Indices in CT Dose

32 cm diameter
PMMA phantom

. Dose and CT scan length

Phantoms and radiation meters i

ICRU extension to AAPM Report 111 >I |(_

Summary
10 cm scan length

28




10 cm

How long are the scatter tails in CT?

o 62%

1.0E+00
3 140 kVp

1.08-01
i

1.0E-02
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(e) Position (mm)

How long are the scatter tails in CT?

80%

1.0E+00 s

10% . 10%

3 140 kVp

1.08-01 .
i

1.0E-02

-200 -150 =100 -50 0 50 100 150 200

(e) Position (mm)

® )M Boone, Dose spread functions in computed tomography: A Monte Carlo study”, Med Phys 36, 4547-4554 (2009)

©® M Boone, Dose spread functions in computed tomography: A Monte Carlo study”, Med Phys 36, 4547-4554 (2009) °
. .
How long are the scatter tails in CT?
1
400 mm 1 98%
® M Boone, Dose spread functions in computed tomography: A Monte Carlo study”, Med Phys 36, 4547-4554 (2009) °
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Relative Dose

Dose profiles as a function of Scan Length
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Comprehensive Methodology
for the Evaluation of Radiation Dose
in X-Ray Computed Tomography

A New Measurement Paradigm Based on a Unified Theory
for Axial, Helical, Fan-Beam, and Cone-Beam Scanning
With or Without Longitudinal Translation of the Patient Table

Integrating thimble chamber
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TG-111 Method

TG-111 Method
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Cone beam CT dosimetry: A unified and self

all scan modalities—With or without phantom motion

Isf(z) = (1 - r:}l!exp(— 2

I .
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BT Phantoms and radiation meters
ICRU extension to AAPM Report 111

Summary

phantoms

ICRU / AAPM (TG-200)

Dosimetry Phantom

043

section A section B section C

Phantom is polyethylene 60 cm long by 30 cm in diameter
Each section is 20 cm long and weighs 13.7 kg (30 lbs)

compared to 32 cm diameter PMMA: 14.4 kg (5% lighter)
Total phantom 41.1 kg (90 lbs)

8/1/2013
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signal

real time probes

time

The thimble chamber with

real time (>1000 Hz) readout rates

18 mm*

*active length

8/1/2013
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Dose dependency on patient size

Dose and CT scan length

Phantoms and radiation meters
EETTEE  ICRU extension to AAPM Report 111

Summary

alen  International Conmmission on
WA(R®P  Radiation Units and Measurements, Inc.
B [EEEL - e Tty

RADIATION DOSE AND IMAGE QUALITY ASSESSMENT
IN COMPUTED TOMOGRAPHY
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1M Boone (C »v\ leraity of Califorsia Davis Medical Center, Sacramento, California,

real time thimble chamber

ICRU Method
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Measurements and Indices in CT Dose

CTDI-based methods need to be updated
T16-204/icRu SSDE is a method for adjusting for patient size
16-111/icRu Scan length dose dependencies =» h(L)
16-200/IcRU Longer phantoms and faster radiation meters
16-220 Methods for automatic size detection

ICRU CT Report Available Q3 2013
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