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Other Matidtitss

y" Ultrasound
V Cheap
V No radiation dose
U Cannot penetrate bone or air

U Spatial resolution degrades with depth
U Scan times are minutes

y MRI

V Fantastic soft tissue contrast
V Minimal radiation dose

U Expensive

U Scan times are many minutes
U Spatial resolution f(B)
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DiagnesiclimagiagnCaanada

u Radiography

m Mammography |
m Computed Tomography
m Cardiac Catherisatiorii
m Nuclear Medicine !1
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2 Ultrasound

Source: Canadian MIS Databa€andianinstitute for Health Information
2007 with thanks to Patabyn
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MRI

y Cost:
DZT: From $700 to $2,200
DFIRI: From $1200 to $4000

Y Time taken for complete scan

DZT: Usually completed within 5 minutes
DRKIRI: Typically 30-40 minutes
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MRI Accidemts
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MRI-CT Compaiisan

MRI

53 ONASH Univers :
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MRI-CT Compaiisan

CT MRI
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CurrentTheads

V' Preventative medicine is a good idea

Yy Medical imaging procedures can detect diseast

a stage when It can be treated effectively

DFEunding bodies (public and private) will fund imaging
procedures

y There Is a trend towards more imaging,

particularly screening

DXMammography
DXVhole body CT scans

Yy Screening means go fast!
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se lumen, very sharp

SOMATOM
Definition Flash

Flash speed.
Lowest dose.

collimation: 128 x 0.6 mm
spatial resolution: 0.33 mm
scantime: 2.3 s

scan length: 613 mm
rotation time: 0.28 s
100kV, 183 effective mAs
6.2 mSv
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Fluenceand IDgse
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What iis tiheRRIB KiisonRk iRAshi@idn 7

Yy A lifetime dose of 100mSyv increases cancer risk by ~1%

DZ1000 chest xrays

D7100 mammograms

D750 head CT scans

D710 abdominal or pelvic CT scans

y' Background Dose is ~ 2.4mSv/year

y' On 31 May, Fukushima prefecture dose rate was 1.5uSv/h
DZ77.5 years to reach 100mSv

Y It takes most radiatiemduced cancers 10 to 20 years to develop
adults

Yy The average lifetime risk of developing cancer from all causes is
42%

y' From early 1980s to 2006% Increase in population dose from
medical procedures
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TrendlsimRRddiatio D esediioMddedldaid giaging

2006

Early 1980s

Occupational / Occupational / industrial (0.1 %)
industrial (0.3 %)

= Consumer (2 %) Consumer

Medical ' (2 %)
L (15%)
, Medical (48 %)
Early 1980s 2006
Collective effective dose
(person-Sv) 835,000 1,870,000
Effective dose per individual
in the U.S. population (mSv) 3.6 6.2
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34 Gengraion (TR Searner

Rotation

y" Multiple detectors .A/—i\
Y Translationrotation

Yy Large fan beam

Yy Patient stationary for each
2-D slice acquisition;
about0.1 seconds per
slice

Yy kV =120,mA =500

V" Image then reconstructed % W
In about0.1seconds
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Volume CTl itmage

Uses 3rd or 4th gene

'Often with multislice detector arrays.

= | : h
‘“ Af f or d s-Dvolumeuneages 3
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Beam HHaddnoAMdeiasts

Image of uniform phantom

("
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Cone Baam\Areiasts
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Exploit What Syiahrotrens Arédedot A

V' Synchrotron is a great tool for performing
medical physics studies

D3ynchrotron beams can be monochromated
ONo beam hardening

D3ynchrotron beams are almost parallel
ONo cone beam artefacts
O Scatter removal with no dose penalty

y Allows studies of better-kay imaging and
developing new methodologies
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SyndiotonRaciagrapny

Scanning motig Scattered
radiation

g Detector

Monochromator
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Mouse (Grbalhiaa
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Slot Seanmpdimagscbasres

Dose decreases with energy!
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AnalyseariBasédnhnaging

Sometimes called Diffraction Enhanced Imaging

Film / screen

Transmitted
_radiation

Monochromator

<Storage ring z

Bragg reflected
radiation

Radiation outside

Darwin width Analyser crystal

("
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Crystal Retkpg utiye
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Refractive index for X-rays is less than 1 by about 1 part in a million
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ABI How it works
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ABI Mathemaitss

Yy I, &I, = Intensities on
low and high angle sides _
of rocking curve

y Grad & Grad, = IL=1rER. + Graq ® o)
Gradients of low and highiy, = ig¢r, + Grad,® gy)
angle sides of rocking

curve §,Crady@ - Gaq Oy 3
acGrad ;@& - Graq By 0

Find(IR.D o) - 28 a1, O

y | is intensity e_HL L o
E‘GracHCDL- Gradq @ =

Y qxl,= refraction angle

© UNIVERSITY OF SASKATCHEWAN P3 MONASH University



TORMam CGonvatitonal

Simulated
breast tissue

Spectrum = Mo:Mo 28kVp
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TORMAM Pe#k

Energy = 20keV
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TORMAM Refragii@n

Energy = 20keV
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Phasa Comikast

incident absorption
plane wawve
object
Y F i _
_+
_+
¥
=
i - =
y"  Contact: N >>1 Geometric approximation
d 2 DZ The intensity distribution is a pure absorption image.
NF = y" Near field: N >>1 Geometric approximation
/ Z DZ Contrast is given by sharp changes in the refractive indextinterfaces.
Yy Intermediate field: N~ 1 Fresnel approximation
DZ The image loses more and more resemblance with the object.
Yy Far field: N << 1 Far: Fraunhdfer approximation

DZ The image is the Fourier transform of the object transmission function

MONASH Uni [
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Phasa Comnika €T

Yy SNR
Increased
10x, enabling
high quality
visualization

& UNIVERSITY OF SASKATCHEWAN 7R MONASH University Beltran, M.A.et al, Phys MedBiol, 56, 73537369, 2011.



Rat Brdiniihagatssael

(@)

Brain undetectable in projection image (a), and faintly visible with 5m propagation diste
(b) in CT reconstruction. Energy = R4V.

& UNIVERSITY OF SASKATCHEWAN U MONASH University Beltran, M.A.et al, Phys MedBiol, 56, 73537369, 2011.



Rait Exraarm_rn@ell

1 mm

Phase retrieval renders structures of the brain highly visible against the noise.
Improvement in SNR of 200x!

&) UNIVERSITY OF SASKATCHEWAN ‘EQ;MONASH University Beltran, M.A.et al, Phys MedBiol, 56, 73537369, 2011.
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Phase
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Absorption
grating

— Timm Weitkampet al Vol. 12, No. 16 / OPTICS EXPRESS 6296
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Exploit What Syiahrotrens Arédedot A

V' Synchrotrons allow fantastic spatial
resolution

y But what about the dose?

2e™SNR = (™

Dosg,,, = —
S DQE( f ) rr7size), Contrasf, “ r
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Phasa ConikasddiesalAdiagntage
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CompllexRéfiagtivénieex

y' Coherence properties enable phase contrast
y' Contrast arising from phase effects does not require dose to be
deposited in the object

106
107 | } .
— U Phase Refractive index
& 10 b Absorption h=1-0-ib
1
Q _ .
T 140 Where l3 = absorptlo_n
@ U = phase shift
©
= 1010
A Nb.
1011 U ~ 1000 b
u ~E?2
1012+ - b ~ E*4
Breast Tissue
1013 ' — ' —— :
15 20 25 30 40 50 60 70 80 100 150
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CT antiRRdtbagisiphprBbtisms

Yy X-ray Dose
DZ Phase Contrast Helps. Synchrotron easy. Gratings?
Yy Scatter

DZ Greatly reduced by slot scanning. Both conventional and
synchrotron can use this.

Yy Beam Hardening
Dz Eliminated by monochromatic radiation. Synchrotron only

Yy Cone Beam Artefacts
DZ Eliminated by parallel beam. Synchrotron only.
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Phasa Comikasi hd¢di@iltnic

Konica Minglta REGIUS PureView

| CHAN ) Phase Contrast
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Phase(Conikash hd@i@inic

New X-Ray Imaging Technology

for Examining Cartilage
X-ray source

Konica Minglta technology has succeeded in imaging cartilage

Leinn ranuvantinnal ¥orav eniy 1talg

Absorption contrast image

Visibility contrast image Differential phase
contrast image

http://www.konicaminolta.com/about/research
& UNIVERSITY OF SASKATCHEWAN 3 MONAsHunversty Special_healthcare/talbotlau.html
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Specialised
monochromator

Scanning
motion

= Energy vs Soft tissue

Absorption

33.17 keV

v

33.2 334

Energy (keV)

MO i ' .
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Synchrotron IV injection Conventional angiography
n.b. 27 LAO 40 Intra arterial injection
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SyndiettonCGhiteab bididie s

y Coronary Angiography
D&everal hundred patients in Hamburg and at ESRF

D38ynchrotron sensitivity allowed venous injection
rather than arterial as Is required in hospital

DRiot all coronary arteries always visualised well

y Mammography
D€Zlinical program ongoing &lettra §
DPreliminary results look encouragin

© UNIVERSITY OF SASKATCHEWAN 73 MONASH University



SyndhtattenMviddtighlnhinagino

Yy Synchrotron Medical Imaging
V Fantastic spatial resolution
V Reasonable scan times

JUses Ionising radiation

UVery limited access

UEXtremely expensive

V' Synchrotrons are not currently suitable for
Arouti neo medi cal P
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CaseShiddyBBtith
One affttheggrsate Phipkiysigiogichhtibagenges

y' During fetal life the future airways of the lungs are ligtiiié:d
y' At birth lungs must rapidly transform from being liquid to air fille

Yy How this happens poorly understood but the process

DZDevelops late in pregnancy
DZs initiated by labour

Yy Preterm an@daesarean sectionfantsoften develop problems

DZncidence is increasing
DZRequire weeks of assisted ventilation (>$2,000/day)

Yy We know that ventilating infants causes lajury

DZ~30% develop chronic lung disease
DZBecomes apparent after 15 years

© UNIVERSITY OF SASKATCHEWAN P8 MONASH Universiy



SPiing8 - SuperfPbaionifingGeV

ngstromCompact Free Electron Laser
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Why alLengH3eatiiiae?
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MRI StatedftheeAArt

Bronchoconstrictiomnduced bymetacholine
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Ralliti it IRy uupdritnagingDelivery
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PostNlartemAAtitifcial \Weanisatan

RA Lewis et al Phys. Med. Biok0,5031
S. Hooper et al FASER1, 3330 (2007)
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PhasRReicenalibihglenbpage

VApproxi mate O6contacto 1 n
1(r.,z=0)=1,exp(- 7717(r.))

VApproxi mate O6contactd ph
f(rA,z:O):-$dT(rA)

Yy Use Transporof-Intensity Equation (TIE)

D, @I (r.,2D.f(t..2) =- Qﬁ (r, 2)
. Lz .
ySol ve f or objectos proj e
Derivative Theorem
. , o5
. )___I % o F{M2I(Mr, 2= Rz)}/|OE8
c | =

© UNIVERSITY OF SASKATCHEWAN B MPgghnitveDtet al., Journal of Microscopy, Vol. 206 Pt 1 April 2002, p@033



Phasad®Rijejeaicrthithickisess

Phase image&r,=4.26m, E=33keV Projected thickness
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Lung aenatan Admuayitguldieteanance

Sodium channels crate
osmotic gradient that draws
liquid out of airways
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Time (secs)
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Lung aenatan Admuayitguldieteanance

Inspiration forces liquid out of airways
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Medical Retevance

Yy Respiratory Ventilation

Y Positive End Expiratory
Pressure (PEEP) is used In
some hospitals as it is
thought to help

y' It used to beexcluded from
International resuscitation
guidelines for ventilating
Infants due to lack of
evidence

© UNIVERSITY OF SASKATCHEWAN 73 MONASH University




RA Lewis et al Phys. Med. Biok0,5031
S. Hooper et al FASER1, 3330 (2007)
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Ralsthit Riup WitithPREEP

Te Pas et dPediatricResearcltx(5), 534541 2009
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Eftect of FHEFnWenlirietPketeRaiRakbi

w
o
|

5 cmH,0 PEEP

Tidal volume
mL/kg

0 cmHO PEEP

Tidal volume
mL/kg
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Long FirstIingpiaatan

18/11/2007 7:37:39.940 PM
1.0

0.8

0.6

0.4 ¥ +-

0.2! Endexpiratory lung gas volume
(FRC)

Plethysmograph (mL)

-0.0

-0.2!

20 sec long inspiration

5 cmH,0O PEEP
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Measutingllunggvidatian
Yy Particle Image Velocimetry detects speed & direction ¢

particle (lung) motion
t

t

Av-: )

.

Image Pair Motion Measurement

v J

Cross Correlation
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Pariidle [lmage/ Veloaimeiry
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Diseasd ortagiton

Plots of regional compliance, calculated from motion maps in mouse lungs

Healthy Lung, showing uniform Fibrotic lung, showing regional
compliance differentiation ofcompliance

UNIVERSITY OF SASKATCHEWAN PR MONASH University A. Fouras, S Dubsky et al



Moving to 4 IDimeR{Ians

y Use controlled
repeated breaths and
rotate animal

y Select same point |
breath for each
rotation angle of
animal

Yy Reconstruct CT
Image for each pol
In the breath
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Whole Bireath iundvMasipbiology
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Videos wsdddorfialD oetors

/= About us - Victorian Newborn Resuscitation Project - Windows Internet Explorer

o~y 1

K3 )~ |) http://wwow.neoresus.org au/pages/index. php 82 [¢] [Gooar [EE
File Edit View Favorites Tools Help

Links ™ @@3Convert v [ Select

Google | neoresus v|[*Psearch -+ & @~ B~ g~ Share~ &~ [ Sidewiki~ % Check ~ 34 Translate ~ ¢ | AutoFil - 4 [& neoresus & - @ stuart...- @ Snagit B &

1,:(' 4}5’ & About us - Victorian Newborn Resuscitatio... | ‘

»

Home
NeoResus Program
Learning Resources

Facilitators
Resources

Online
Competencies

Newsletter

Content
Development

Contact us

Fy

~

neoResus

The Victorian Newborn Resuscitation Project

Welcome to NeoResus, the official web site of the Victorian Newborn Resuscitation Project and the
gateway to the online learning resources for the NeoResus training programs.

NeoResus is a specialized training program that has been designed to standardize the way in which
newborn resuscitation is taught in Victoria.

The NeoResus program comprises two skills based, teamwork focused training programs: First
Response and Advanced Resuscitation. These face-to-face, multidisciplinary training programs are
supported by online, evidence-based learning modules, which are completed by all program participants.

This web site provides NeoResus program participants with access to the online learning material. There
is also a resource section specifically for NeoResus program Facilitators, whom we will be actively
recruiting and training in 2010.

Since May 2008, with funding from the Department of Health, members of the Victorian Newborn
Resuscitation project team have been working in collaboration with Australia's leading neonatal
resuscitation researchers and scientists to develop and implement the NeoResus program. We welcome
your feedback on our site.

“An uncompromised newborn infant may take up to ten minutes to
look pink without supplemental oxygen. This is normal” ARc, 2006

| <
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Major Issuss Ttelohiotdal

y Static beam greatly limits 4D imaging (X, vy, z, t)

© UNIVERSITY OF SASKATCHEWAN 73 MONASH University



Stereomaagip g el IS RkFg)

Wide X-ray beam 200m from source Saim:jple Detector
I Beam stop
Lead screw

Si(111) crystal

(harmonic drive motor system)

Original reflegied bea Yy Distorted reflected

DZVertical energy dispersion of monochromator
DZVertical and horizontal spread oftdy beam.

Smm DZDeformation of first crystal in monochromator by
heat load

y' Corrected by

— DZBending silicon crystal by pushing one end with
screw while keeping the other end fixed (see figure

After bending crystal

5mm

& UNIVERSITY OF SASKATCHEWAN 7% MONASH University Yagi & Hoshino Spring8



X-ray S‘medﬂmg@@g

X-ray stereo image “5mm Anaglyph

& UNIVERSITY OF SASKATCHEWAN F§ MONASH Universiy

Yy Live Frog(Rana
japonica

y* CCD Frame rate:
20Hz

y' X-ray energy: 15keV

Yy Sequential images
were acquired whilst
vertically translating
sample

Yy The Images were
combineadigitally

Yagi & Hoshino Spring8



Time-Resdivel3B B0 imagng

© UNIVERSITY OF SASKATCHEWAN P3 MONASH University

The threedimensiondarrangement of
femur and blood vessels was estimated
from X-ray stereo angiography.

The 3D quality is far from Xay CT but
subsecond time resolution possible




Radliotinetiapy

YyThe tumour can al ways
yvelf we give 1t enough
YVThe question 1| se.

y ...Can we keep the patient alive and healthy wr
we do It?

y The radiation dose we can give to the tumour Is
|l 1T mited bye.

Yy ..How much dose healthy tissue can tolerate
whilst we try to zap the tumour

© UNIVERSITY OF SASKATCHEWAN 73 MONASH University



Radiiatiesippy

y" The radiation dose that car
be delivered to the tumour
1 s |1 mited Db

y ..The tolerance of the
surrounding healthy tissue

y" Conventional Therapy

DZ Uses a LINAC (high energy-X
rays severalleV)

DZ Uniformly irradiates tumour

& UNIVERSITY OF SASKATCHEWAN F§ MONASH Universiy



DeuiatonH3eamVivigieseiMisbabgertex

1Tmm

S
nﬁ'{": ft\‘

- 7
e e f*'..'
.f 3 / #|-
4 4 s’

s Zeman et al, Radiat Res 15 (1961) 496
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PeakttoWadike RREHOS
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