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Objectives ..

® Achieve an understanding of:

* lonizing radiation

* Units used to measure ionizing radiation

* Effects of ionizing radiation

* Radiation considerations in Diagnostic Imaging

* Applications of the ALARA principle in Diagnostic Imaging



Background

lonizing Radiation

What is lonizing Radiation?

® Particles or electromagnetic waves
(? Sufficiently energetic

Detach electrons from atoms or
“* molecules

—‘\



Background

lonizing Radiation

® Alpha particles = —— %

® Beta particles @ — a/®
® Neutron —
® Gamma rays

e

X-rays

\

D33




Background

lonizing Radiation 3%

-~
® Alpha particles @ —— 0

®* Doubly-ionized helium nucleus (He**)
Highly ionizing
Low penetration (if result of radioactive decay) * 5MeV
Stopped by skin or few centimeters of air
Very problematic if inhaled or ingested



Background | P—.

lonizing Radiation 3%

® Beta particles — e/

* Electron or Positron
Less ionizing than alpha particles
100 times more penetrating than alpha particles



Background
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lonizing Radiation D13
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® Neutron particle = — -
* Usually result of nuclear fusion/fission reactions

No intrinsic charge ® 55
Interact with tissues TSl

neutron absorption

gamma release

capture by tissue nuclei '

-

-»u.\ Prompt Radiation Decay Radiation




Background
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lonizing Radiation 3%
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® Gamma rays e o 74 N
s & .

® X -rays A N

-

Compton effect

lonization of atom with change in incident A -

-

Photoelectric effect
Photon ejects electron from host atom

% * Pair production

Wn of electron and positron




Background

lonizing Radiation D23

® Relative penetration

W Concrete 2 Lead
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Background

lonizing Radiation

Atmospheric
Opacity

Frequency
(Mz2)

3

10 |
Wavelength -
{m)

ELECTROMAGNETIC SPECTRUM

The diagram shows the entire spectrum of
electromagnetic waves. The scale at the
bottom Indicates representative objects
that are equivalent to the wavelength A Representative
scale, The atmospheric opacity determines i
what radiation reaches the Earth’s surface,

s

UC Berkeley: d39:ssk
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v=FfxA

* v=cCinvacuum

® f=c/A

E=hxf

* h = Planck’s constant

Relative energies

>

Radio waves: 1x 10 ° eV
* Visible light

Red leV

Blue 3eV
* Xrays: 50,000 eV




Effects of Radiation

lonizing Radiation

* No damage

* Cellular Damage
Repair (Hours)
— Operate normally
— Operate abnormally
\ Carcinogenesis
\| Genetic alterations

* Death




Effects of Radiation

® lonizing radiation
* Oxidative changes in nucleotide bases
* DNA d -
amage "'L”?'

Single, double strand breaks, deletions : ",:{3‘“ =
* Gene and chromosome damage S o e LTy
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Effects of Radiation

® lonizing radiation
* Oxidative changes in nucleotide bases
* DNA damage

Single, double strand breaks, deletions
* Gene and chromosome damage




Effects of Radiation | _ .

* LET e
* Linear Energy Transfer:

Rate at which energy is transferred from ionizing
radiation to tissue

— Low LET: Xrays, Gamma rays: RBE (QF) =
—> High LET: particles, such as alpha particles: QF 20

Ol particles

http://www.ceessentials.net



Measurements " QF

X rays
Gamma rays

® Units Beta particles

P Neutrons 5-2
Roentgen (depending on energy)

Only applies to photons in air ' Alpha particles 20

Ll 2

O =

* RAD (Roentgen-Absorbed-Dose)
Unit of absorbed dose in tissue

1 Roentgen = 1 Rad

-

REM (Roentgen-Equivalent-Man)
Accounts for biological effect of type of radiation,
Quality Factor (QF) or Radiation Weighting Factor (RWF)

For Xrays, QF = 1; rad = rem
For alphaparticles, QF = 20



Measurements

® S| (Systeme Internationale) Units

* Gray: = Absorbed Dose;
1 Gray = 100 rads; 1mGy = 0.1 rad

* Sievert: Dose Equivalent;
1 Sievert =100 rem; 1 mSv =0.1 rem

‘h\



Measurements B

® Units
* Effective Dose:

Takes into account the radiation sensitivity of organs
exposed (W)

Most sensitive: Growing tissues; lymphocytes,
spermatogonia

Least sensitive: Muscle, nerve
Equivalent risk to the whole body
Measured in rem or Sieverts




Effects of Radiation

> Deterministic

> Stochastic

Deterministic

®* Threshold: +

.

Dose-dependent
Skin erythema

Depilation
Death

n-related risk (Frequency)
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Effects of Radiation

Deterministic

Erythema

Acute 1-2 Gy
2-3 Gy

Cataracts

Epilation
Temporary 3Gy
Permanent 5 Gy

Desquamation
Ulceration

. 10-15 Gy




Dose ReSPOF\SEZ Humans: Acute exposure ——

Acute effect Region, | Symptom

{Deterministic effect)

Partial body exposure Whole body exposure

Acute ulcer 10000 <— 1000 rads

9000

Whaole .
8000 body 100% death cccurs

Fooo
6000

Erythema 5000

Cataract

4000 Whale
Permanent sterility bady

3000

30% death cccurs

2000

50 rads — —

body

Decrease of ymphocytes
in peripheral blood

. 1000 Whole MNausea and vomiting

=

WWW.jae0.go.jp



Effects of Radiation

Stochastic
® LT Model

-

® Dose-independent severity

® Dose-dependent probability
Cancer
Hereditary changes
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Background Radiation

“Natural” Sources

~ 3mSv / year near sea level




Background Radiation S

4k, ypical annual
doses (mSvlyear)

<13

.

13-15

Average for US @ sea level

et *  3mSv/year

20-30 18

30-50 [ At 5,000 ft (Denver, Boulder)
s0-100 * 5-6mSv/year

>100
Cross-country flight (USA)

-

-

-

0.04 MmSv (nttps://www.sievert-
system.org/#Calcul)

Natural background radiation exposure

Mnorg/ info/Safety



Background Radiation

®  “Natural” Sources

* Radon

Derived from Uranium and Radium
— Decays through emission of {}f, particles
v Isotopes of polonium, lead, bismuth

1 raio cédsmico por m?

Kj em cada segundo

*  Cosmic “Rays”
Particles I
- 89% nuclei of hydrogen,

at-

g 1 raio edsmico por m?
. o E b B 1 7 em cada ano
— 10% nuclei of helium (L} particles) ="} ; l
~> 1% heavier atoms -;- " |
=
_— 1 raio cdsmico por km?
. x em cada ano
*  Food Chain (C'%) s BN

1w '
100 1 100 10 10"

\’\ E.(eV)
Crescere.lip.pt.html




Background Radiation S

high LET
neutron
component of
cosmic high LET
low LET cosmic radiation ingestion
radiation [AR)

ingestion

) . - low LET —
Cosmogenic Radionuclides ) ~ radiation

ran exposure earth

Intemal Radionuclides 0, Inhaled Rad Dnuclides

The confribution bo the annual dase equivalent fomea number of ratural
soumas of ionizing radation.

high LET

inhalation

exposure
radon
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Some Exposure Limits

Whole Body (TEDE)

Any Organ (TODE)

Skin (SDE)

Extremity (SDE)

Lens of Eye (LDE)

Embryo/Fetus of DPW

Member of the Public
-

N

WWW.Nrc.gov

NRC Occupational
Dose Limits

5,000 mreml/yr
50,000 mrem/yr
50,000 mrem/yr
50,000 mrem/yr
15,000 mreml/yr
500 mreml/yr
100 mrem/yr

50 mSv

=500 mSv

= 500 mSv

= 500 mSv

=150 mSv

5 mSv

1 mSv




Background Radiation

NCRP 1987

\




Rotating direction

Rotating

xX-ray source

Fan-shaped
x-ray beam

Rotating
X-ray detectors




CT —

Proportion of CT studies

\1

Approximately 30-40 x 10° CT
- uGl examinations performed annually
\ B Heao Approximately 5 — 11% of these are
B Skull face performed in children
Chest
H Angio
CT
B Other Proportion of radiation dose

CcT
Other

\From rush DP. Pediatr Radiol 2002; 32:285



CT

Radiation Considerations

Non-computerized radiography

* Overexposure of film

2%

* overexposed technique

Melted radiographs

Diminished or lost diagnostic information



CT

Radiation Considerations

56 kvp @ 1.6 mas 56 kvp @ 2.0 mas




CT

Radiation Considerations

® Balance

/
\

\

.

Diagnostic needs

mAs = SNR

e

Radiation Exposure




Radiation Considerations

Helical CT of the Body:Are Settings
Adjusted for Pediatric Patients?
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OBECTIVE. Oxx clpectre was 1o determuse whether adusanents reloed 1o gatient age
e wode 10 the scastuag parsnelers Nof ae detenmergais of madution o for bebical CT of
podiatic patients

SUBIECTS AND METHODS. Thas prospective umvestigation inchuded 2l body (chest
aad b ) hebeald CT ex (= 38) of neonates. méants and chddien (1= 52) re
femred Boan cuvade for whaoms ndislogc ¢ £x;
secoeded mchaded tube coene, kalovoltage. coll and pach E
anly grovped oo e bass of the ssdmidual's age: group A 0-4 vears, grovp B 5-8 years
provg C. 9-12 years. and grovp D, 13-16 years old

RESULTS. Thirty-ome percens (18/58) of the CT exanznations were of the chest and 9%
(40r58) were of the abdomen. Sixteen pescent (958) of the CT examnahons wese combaed
chest and abdomen [ 22% (1'9) of Sese combmed exammations. tube cuerent was adjwsted
between $he chest and abdomen CT. m oze (11%) of Gese examumtions. the tube curvest was
Righer fior the chest San for the abdomen portion of the CT exasinoton The miean tube cus-
s serting for chest was 217 mA and was 206 mA for the abdomen with no evadent adyost-
ment i fobe curen! dosed on Be ape of He jubent. Fifty-sx percent of the exanmsations of
seosales, sfan, of chidien § years old of younger wese performed a1 3 colunaton of
preanes Gon 5 mm and 53% of these exammations were performed uiang a pitch of 1.0

CONCLUSION. Peditnc delical CT pasameners ave not adjusted on the Yasis of the ex
ammnaten type or the age of fe child In partcalar these results suggest thae pediaine po-
weals sy be exposed 0 an uosecessanly gh mdanos doewe dursag body CT

Estimated Risks of Radiation-
Induced Fatal Cancer from

Pediatric CT

ehical CT 1s 2n importast and o

cesingly used mupng ch-

zigue m Se pediaine populnon
[1} Abough delcal technology provides
o opporsenmes for CT & clalen
scasnmg tchmaques hove become more o
pluncated aed comghicated a0d mudislopss
ate Doed with an expanding atray of options,
mciudmg e selection of scanming parane
sens 2] These porameters inciude tobe ox
st Kilowclnge. collunmon aad puch
These 15 gest vanabidey m body sze n e
pedune populatica, 50 adustsens of these
FOLAneters a¢ peoessiEy and smporty be-
cane (hese posamedess e the mam determn
zans of adiahon dose recerved by the chald.
Alough soene techeca) secommendations
are avasiable for betical CT of chuldren {1
18], to e best of cur knowledge, 20 tafor-
suhos repeding adberence 1o These fecoss-
mendshonm 324 been published

There are several methods by whach mfor
mation sbowt the cotmon peactice of belical
CT sechmgues = pediorc patents can be
cbexmed Owe method 15 by 3 sarvey |7, §)
Assong the difficulses with thes kund of -
plitg # asesung Be validiry of responises
We approacked Be tisue of the pracace of
pediic bebical CT by moher method i
part to meimeze tus potensial reportmg bias
We collected and reviewed 2l chest and ab
domen helical CT examsaatons i childes
16 years old or younger pesformed at refer
g OEMUBONS O pracices and wbauned 10
o depastment Sor revaew. The obpective of
s type of srvey was o determmne whet, if
azy, adjustments wese made for CT exmmu
mabioas of cheldren comparnd with adults and
for CT examunations of pediatnc patienss of
diffevers ages. We focused ca the adustible
o paremeters Sal peaanly costrbvie %
He amout of radizbion He patien! recenves
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OBECTIVE, ks Light of the spedly increasng Sequency of padamc CT exaummations
the parpose of our siudy was 10 assess the lifetune cancer mortalty nsks smnbutable 1 eadis-
1ion fom pedatne CT

MATERIALS AND METHODS, Orpan doses 3 2 flscton of ape-st-agnoss were oit-
mated for common CT cumesunon. a0d evtmated snobussbie Metene cances mortity nsks
(pes wont dose) fr delferent o sies were appibed. Sundied models S assee 3 keear ex-
tpolation of risks Soes miesmediofe 1o Jow doses were pphed. Ou the basss of current stexdad
pracace. the e exponaes (milixnpere-seconds) were awizoed, mdepeadest of 2p2

RESULTS. The Larper doses and meresned Infetane cadation siks i chal@en produce 2
sy movease. reliave 10 sduly, 1 estenned sk Soes CT Estuuned lifetene cascer monal-
ity ks amnbomabie %0 B raduncn exposse Bom 2 CT 18 2 |-year-old are 0.15% (addonn-
i) nd 0 07 (bead)—an order of magretde haghes thon fior adly—abough hose figares
still repeesent 3 sl movexse in cancer mortality over e mitnal backgond ke fn e
Ulsned Staves, of sppronarrately $00.000 shdornmal 308 bead (T cmmatons aansally per-
formed tn chaddven snder the age of 15 vears. 2 rough estisate (s Bhat 500 of Gese mdniduads
sught hnely die from cancer ambutabie 19 the CT ndatos

CONCLUSION. The best avatkaltle nk estarotes sugpest thot pediomne CT wall result
upmicatly mcreed Rfetme ndation msk over adalt CT. both because of Ge moreased
done per nullizmpese-socond, 1nd the mcvened hietene sk per st dose. Lower malkonn-
pere-second settings can be wed for children withowt sipmficant loss of mfoematon. Al
Bough e nik-beoefil balnce 1 sl rongly tlled drward benefil. because the Brequency of
pedatnc CT exmumations 15 rapdly increasig, estonates fit quantiate Sfetme radihon
tidks for childyen uadergomg CT e not neghpble may stimlate more active redoctios of

CT exposare settmps in pediatrc pobients.

Se wie of CT s increased mp-
wly in e past ™o decades, &
eod m part bty fhe development
o belicad CT (1] For cxample, the estumated
peoncd meosber of CT exmemotions o e
Unied States rose appeosenanedy sevendold
from 2 8 aslbios is 1981 £2) 90 20 malbos &
1035 [3]. By theis miwe. CT ecemnation
coomibure Gapropormionaely 10 (he collec-
e dagsostc adonca dose 1 the popels-
o for campie. n Betite ¢ his doen
esnesaied hat approsissaely 4% of diagaos-
e ndiclogy procedares ae CT exnms-
hom, bt Gex cortribunon % e collective
Goie s approoammately 4% [4)
Fupre 1 shows 2 dresiadonn of the mansher
of (T ex Woage ¥ e
bosed o (he resulls of 3 1999 Btk wrvey

15); e thas swvey, appoonemately 4% of CT
commnos (whsch comespoods o abos
10%vex i the Uinted Ses) wese perfosnnd
00 chikdven under e ape of 15 veas. The pro-
pomon of chekdhood CT exerssasons & ngadly
mornag (mdeod. a0 e valie of 9% was
estzured s 199 [6]1 for cxample. Coomn et 2
[7] seporied 3 63% mcrense i roguests fix pod-
atre: CT between 1991 and 1994

The recent mosease 1 pedanne CT e
wnoes 1 pacscularty murked m e Unted
Stares. Figwe ) shown the ouesber of ab-
domaeai and ped CT examsations of ched-
dhoen under 3 grves age af 3 supof Amencan
cluidsen’s bosporal for 1996 theoegh 1999
This fygare shows, fod exsngle. 2 92% 1
cresse between 1996 and 10909 1 ddoasnnd
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Radiation Considerations
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CT Radiation Considerations
® CTA Overdoses

-

* 8 hospitals; 3 in California

* Cedars — Sinai Medical Ctr - Los Angeles
~ 269 patients

Member of its Board of Governors
Providence Saint Joseph Medical Ctr — Burbank

~ 37 patients .{\
* Huntsville Hospital — Alabama &

~ 65 patients - w

G ,
® Epilation, erythema

Lack of understanding of Automatic Exposure Control feature

>



CT

Radiation Considerations =
30 month old child

*  falls out of bed

- o |
®  Mad River Community Hospital, Arcata CA .

® (T scan is requested

.

* activated 151 times over same area — 65 minutes | I
technologists denies fact, recalls only 4-6 times '; ;

®*  study terminated by parent ‘“,
=]

\\La&understanding of equipment?




cT —
Radiation Considerations
The special case of Children

® Size
* CT scanner dose calculated from 32cm phantom

-

For any given set of scanning parameters,
effective dose will ﬂwith ﬂcross-sectional area

Effedtive dose (mSy)
[} (=]
| ]
E
%
)
CQD
A O
%
3 Le

Mass {kg}
Ware et al Radiology 1999;210:640



CT

Radiation Considerations
The special case of Children

Growing
Radiosensitive: M, G,

Radioresistant: S
Life-span

.

Latency periods

*  Cumulative doses
16 )

replication

-
o
]

% per Sv

Faemals
............ Mala

G

I L

T Fomales
Mates -3

Attributable Life-Time Risk

© L L T v 3 |

~ 5~ T T & 160
Age at Time of Exposure
NCRP 1991 in Hall E ; 32:700



The Alliance for Radiation Safety in
Pediatric Imaging

The IMAGE GENTL Ycampaign

Join with us.

Take the
image gently pledge.




The Alliance for Radiation Safety in Pediatric —
Imaging

® Coalition of health care organizations dedicated to
providing safe, high quality pediatric imaging
worldwide

Primary objective is to raise awareness in the imaging
community of the need to adjust radiation dose when

imaging children

® Ultimate Goal
\ Change Practice



Image Gently - Background | B

® Society for Pediatric Radiology: 1400 members

* Inaugural meeting September 29, 1958
* First Radiology subspecialty society

® Mission statement

Professional organization dedicated to being the leader in advancing
pediatric health care through medical imaging and image-related
therapy

® Affiliated Societies

.

European Society for Pediatric Radiology
* Asian and Oceanic Society for Paediatric Radiology
* Sociedad Latinoamericana de Radiologia Pediatrica



Image Gently - Background _

® At RSNA, 2006 - meeting
* Marilyn Goske President
* George Taylor Board Chair
* Marta Hernanz- Schulman President-elect
* Jennifer Boylan Executive Director




The Alliance for Radiation Safety in Pediatrictmaging

ﬁé ' The Alliance for Radiation Safety in Pediatric Imaging

image r

* SPR

* ACR
®* ASRT
* AAPM

> 74 OTHER SOCIETIES

—K\www%gegently.org



Image Gently - Background | —

e Alliance for Radiation Safety in Pediatric Imaging

® Writers’ Meeting, Cincinnati July 23-24, 2007
Hosted by Lane Donnelly

-

Creation/development of “imagegently.com” website

-

CT protocols development for sharing

-

Target content for audience levels: MESSAGE
* KEEP IT SIMPLE

>

Image Gently:  Jennifer Boylan

- o

Let’s be wise ... adjust for size” Greg Morrison

\ Campaign Roll-Out: to be January, 2008



The Alliance for Radiation Safety in Pediatrlc.
Imaging

® Children are more sensitive to radiation
® What we do now lasts their lifetime

So, when we image, let’s image gently
More is often not better

When CT is the right thing to do

® Child-size kVp and mA

® One scan (single phase) is often enough
® Scan only the indicated areas

\




CT | -

Radiation Considerations

What can be done?

Image Gently

RARLR oS U S RN
o= Yl ==l Q) ==
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*&i’% Dose Optimization



CT

Radiation Considerations

Suggestions for mA settings in pediatric patients of various size

WEIGHT mA
LB Kg Chest Abdomen
107 19 4571 8.9 40 60
2017 30 91 17.9 50 70
40 1 59 18 1 26.9 60 80
60 T 79 27 17 35.9 70 100
80 1 99 36 T 45 80 120
100 i 150 |45.1 1 70 |120-120 140 -150
] _ >150 > 70 > 140 > 170
\

Donnelly et al. AJR 2001;176:303



CT ~ ,
Radiation Optimization —..

-

Ensure that studies are indicated / affect management

-

Avoid multiphase examinations!

-

If needed, decrease technique as appropriate

-

Don’t “try” a scan that may not work

-

Limit scan to area of interest
Don’t scan testicles unnecessarily
Don’t scan breasts unnecessarily

-

Alternative strategies (US, MR) when appropriate

>

® Child-size technique for pediatric and small patients

-

Image Gently website

\



CT
Radiation Considerations

® Other parameters to consider

-

Table speed
Faster speed = faster scan
@ less radiation
@ less motion

Gantry rotation
Faster gantry rotation = faster scan

® less radiation
€ less motion

-

-

CT angio
Lower kVp (100 medium- large patients, 80 small



CT
Radiation Considerations

1997: 200mAs 2010: 70mAs

—




Fluoroscopy

/




Fluoroscopy _—

® Approximately 5,000 fluoroscopies annually
*  Maximum 17,000 (SCORCH survey, 2007)

-

Dose regulations

*  “Normal mode”: 10R/min exposure rate
*  “High dose”: 20R/min (audible tone emitted)
*  “5 minute” reminder

No regulations on mode of operation, time, dose

Privilege programs: training in radiation
protection



Pulsed fluoroscopy

RATIONALE:

® Pulsing the X-ray will
* decrease exposure time
* decrease radiation dose




Pulsed fluoroscopy J_

® Voltage to the X-ray tube is switched on and off at the
generator, at a given pulse rate: kVp pulsed fluoro

* leads to a ramp-up and trail-down of the pulses

Based on the capacitance of the cable from generator to tube

®*  Ramp-and-trail effect increases non-diagnostic radiation,
without substantially reducing overall dose




Grid-controlled fluoroscopy

L J

L J

L ]

Negatively charged grid is
interposed between
cathode and anode

Grid can be rapidly
switched on and off,
intermittently stopping
the electron flow

Results in true pulsed
fluoroscopy



Grid-controlled fluoroscopy ’

8 J

Grid-controlled fluoroscopy eliminates the ramp-and-trail effect
* Diminished radiation dose
*  Sharper image




Grid-controlled fluoroscopy

Pulse Rate

® 30 pulses or frames per second is flicker-free
to the human eye

® Continuous fluoroscopy is typically depicted
at 30 frames per second

“ﬁ\



Grid-controlled fluoroscopy !

What is the difference ?

e o

L

Continuous fluoroscopy
30 pulses per second
33 msec pulse width

Grid-controlled fluoroscopy (e.g.)
* e.g. 15 pulses / sec
* 20 msec pulse width



Grid-controlled fluoroscopy

® Effect on moving objects

-

Continuous fluoroscopy

* blurring of rapidly moving objects

-

function of longer pulse width

-

Pulsed fluoroscopy

* flicker effect

-

pulse rates < 15/sec

—K\



Grid-controlled fluoroscopy

® What is the effect on image quality?

* 2 p/sec
' Moving phantom
lrev/8 sec
* 8p/sec /
{ 2cm/sec at

circumference

* continuous

\ 4

v'33% more moving objects seen with
~~_pulsed than with continuous fluoroscopy

Brown et al. Pediatr Radiol 2000;30:236



Grid-controlled fluoroscog-

—

Continuous fluoroscopy
15 pulses per second

-




Grid-controlled fluoroscopy~

Frame during motion

\GOHIM fluoroscopy

15 pps




Still images: exposure vs grab

Fluoro-grab

Exposure




Fluoro — Grab: “moving” images ’




Anti-scatter grid: dose

Entrance Dose: Grid In/Out and Frame Rate
1-10 year phantom

3500
3000
2500

s
1500

-
1000 >

500

(

MmMR/minute

Grid Out  10yo 3yo lyo Gridin 10yo 3yo

Age simulation (phantom size)

—&— continuous
30fps
15fps
7.5fps

(L]

7.5pps no grid vs. continuous with grid
* 1vyearold: 649/126 = 80% reduction

w year old: 3,250/425 = 87% reduction
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Radiation Considerations

Che New 1Jork Cimes

We Are Giving Ourselves Cancer
By RITA F. REDBERG and REBECCA
SMITH-BINDMAN JAN. 30, 2014

The radiation doses of CT scans (a series
of X-ray images from multiple angles) are
100 to 1,000 times higher than
conventional X-rays.



http://health.nytimes.com/health/guides/test/x-ray-skeleton/overview.html?inline=nyt-classifier

Estimated Risks of Radiation-
Induced Fatal Cancer from
Pediatric CT
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Computed Tomography — An Increasing

Source of Radiation Exposure

David |. Srenner, PhD., D.Sc. and Eric ). Hall, D#hil, D.5c
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CT AND ITS
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ch of medical imaging by providing
reghom af interest,

m the United States and clsewhere,
conducted in 19962 the mamber of CT
m the United States and 64 = Japan. it is
scans are currently obtained each year in
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One CT scan is
equivalent to being
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zero in Hiroshima
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COMMON TYPES OF CT SCANS

CT use can be caegurized acconding to the popalation of patients Lduk or pedia
ric) and the parpose of imaging (diagnosis in symptomatic patients or screening of
sxympeomatic patioats). CT-based disgnosss in adulm is the largest of these catego-
ries, (About half of diagnostic CT examinatioos in atu!ts are scans of the body, and
about coe thind are scans of the Sesd, with about 75% obtalned in & hospits! setting
and 25% in 2 single-specialty practice setting.) The largest increases in CT use,
however, have been m the categories of pediatric diagnosis* and adult screening, % **
and these trends can be expected 10 continge for the next few yean.

e growth of CT use im children has been driven primarily by the decrease in
the time needed to perform a scam - now Jess than 1 second — largely eliminat
ing the need for anesthesia to peevent the child from moving durimg fmage ac-

Life Span Study (LSS) — Japanese survivors



Estimated Risks of Radiation-

Padiogric GF et from Life Span Study (LSS) — Japanese survivors
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CT L .-

“Dose estimates are subject to uncertainty, especially that due to survivor
location and shielding.

The cohort provides no information on dose-rate effects since all
exposure is at high dose rates.

Although estimates based only on survivors with lower doses can be
made, their statistical uncertainty is considerably greater than those that
include survivors with higher doses.”

BEIR VII Phase 2, (2006) Biological Effects of
lonizing Radiation
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A Head CT, 340 mAs

Radiation Considerations

—2{ mfs Bone
=i BoOne marrow
== Thyroid

CT

«» Effective doses
» neonates body CT: 2.5 mSev
» neonates head CT: 3.6 mSev

Estimated Organ Dose (mGy)

TABLE 3: Patient Age- and Welght-Specific CT Protocols (120 kV) Used to

Determine Representative Patlent Organ and Effective Doses Age at Time of CT Study (yr)

B Abdominal CT, 240 mAs

wfilm Stomach
mim |iver

mge Ovaries
=i Colon

wise BOne marrow

Estimated Organ Dose (mGy)

170
180
20
20
20
20
- Age at Time of CT Study (yr)
300

Oversized adult | 120

Huda W, Vance A. Patient radiation doses from adult Values cited by Brenner & Hall

_and pediatric CT. AJR 2007;188:540-546 > 10X higher than used in pediatric

\ institutions



Radiation Considerations

Radiation exposure from CT scans in childhood and
subsequent risk of leukaemia and brain tumours:
a retrospective cohort study
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Cancer risk in 680 000 people exposed to computed
tomography scans in childhood or adolescence: data
linkage study of 11 million Australians
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Martin W Butier data analysf’, Stacy K Goargen radiokogist”, Graham B Bymes statistician’, Graham
G Giles epidemiclogisr’, Anthony B Wallace medical physicist’, Philip R Anderson epidemiclogisr™,
Tenniel A Guiver data analyst”, Paul McGale statistician ™, Timothy M Cain radiologist’', James G
Dowty research fefiow', Adrian C Bickerstafle computer scientist’, Sarah C Darby statistician™
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* Retrospective studies of very large cohorts

L

Reason for studies

.

Reverse causation?

.

Radiation dose used, multiphase, repeats - unknown

NS

» Excess Risk: Pearce vs. Ron 1988 tinea capitis study
» estimated doses: Pearce 60.42mGy; Ron: 1.5G (1,500mGy)

» Pearce: Excess relative risk rate 10X that reported by Ron

» Mathews: IRR for brain cancer raised to 1.51 when scanning other
than the brain

Ron E. et al Tumors o i nervous system after radiotherapy in childhood. NEJM 1988;319(16):1033
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80 kVp, 20 mAs

Ratio: 2,71 °
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Acquisition Parameters:
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Moving forward

.

Is examination indicated?
Will it change management?

.

Chance of death

<0.1%

100%

Is non-radiation modality possible
No multiple scans

Image only indicated area
Child-size dose

r scan to clinical question —pectus vs small mediastinal mass
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Accredited Facility Search

Look for the ACR accreditation seal! When you see the seal, you know:

= Your hospital, clinic or health center has voluntarily gone through a rigorous review process to be sure it meets nationally accepted
standards.

* The personnel are well qualified, through education and ceriification, to perform and interpret your medical images and administer yo
radiation therapy treatments.

= The equipment is appropriate for the test or treatment you will receive, and the facility meets or exceeds quality assurance and safety
guidelines.

Breast Imaging Center of Excellence — Demonstrates excellence in breast imaging by successfully achieving accreditation in
Mammography, Stereotactic Breast Biopsy, Breast Ultrasound and Ultrasound-Guided Breast Biopsy.

i s

|\ /lmage A

Ve “-'-genﬂy Facilities with this logo have successfully achieved accreditation in CT for pediatric imaging. This demonstrates their ability to
image pediatric patients with the appropriate radiation doses.

* Diagnostic imaging includes multiple modalities (different types of tests and equipment)—, CT, MRI, mammography, nuclear medicine
PET, breast ultrasound, stereotactic breast biopsy, and ultrasound. The ACR accredits each of these "modalities" separately, so look
for accreditation seals for each modality in your hospital's advertisements. Please note that the ACR no longer offers accreditation for
general x-ray services.



http://www.acr.org/
http://www.acr.org/

CT - What's new ?

Speed

® Gantry rotation 0.25 seconds
® Temporal resolution 66 milliseconds
® Scan time: 0.15 seconds

—K\



CT - What's new ? | -

Dose Reduction

® Better detectors, better collimators

® Reconstruction algorithms
* Filtered Back Projection
Iterative Reconstruction

* Model-Based fully Iterative Reconstruction

‘h\
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Background - Annual at sea level

Cross-country plane flight

CXR

CT Chest
KUB + decubitus

CT abdomen and pelvis

Coronary CTA

Estimated Dose from
Radiologyinfo.org

3mSv
0.04 mSv

0.1 mSv

1.5 -7 mSv
2 mSv

15mSv

Dose from new
scanners
Model-based

0.06—0.2mSv /
0.25sec

0.18 mSv
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