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ABSTRACT !

Modern medicine is a large consumer of physics technologies.
The series of lectures covers medical imaging starting with an overview and the history of
medical imaging. Then follows four lectures covering

* X-ray imaging CERN LIBRARIES, GENEVA
¢ positron emission tomography
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10 June 2002 100 Years of Medical Imaging
Pr. Gustav K. von Schulthess MD, PhD, University of Zurich
History and overview of Medical Imaging

11 June 2002

X-rays: still going strong

Dr. Simon Wildermuth, MD, University Hospital Zurich

Multidetector computed tomography: New developments and applications

12 June 2002
Nuclear Medicine: PET Positron Emission Tomography '
Dr. Alfred Buck, MD, MSc, University Hospital Zurich

Elucidating healthy and pathological human physiology with PET

13 June 2002 Ultrasound
Pr. Kurt Jiger, MD, University Hospital Basel
Imaging blood flow with ultrasound

14 June 2002 Magnetic Resonance

P = Pr. Roland Kreis, M.Sc., PhD, University Hospital Bern
[ Magnetic Resonance in Medicine: Morphology and Way Beyond




One Century of Medicai Imaging

an Qverview
CERN, Geneva, June 10, 2002
Gustav K. von Schuithess, MD, PhD
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A Century of Medical in-vivo Imaging

Tabile of Contents

1. Man as creator of images - medical images
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Man as Creator of Images |

PO

Early images: Making images is
related 10 human conciougness

the awakaenng of human CONCIGUSNESS
recognizing the other

animals were painted 10 periection
even 15000 years BOC

Murais in Altamira, Spam

Man as Creator of Images il

Early images
the awarnening 0! human Contueness

recogrinng e selft o apparently more
dithoylt than recogrimng the other

humans were oot depidted well 15000
YOArS G0

Muraic in Atamra Spain

Man as Creator of Images lli

' Man as Creator of Images IV

Using images to depict the intemal seil; 9t

century
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Medical images

Patient Anatomy from Without

Recognanng disease by lookng &t
and examuning the patien:

INLRECEoN o patients
an anportant means to diagnose
disease

Greek physician examining 2 patients’
andomen {ca. 300 BC)

_ Medical images
Anatomy of the Dead from Within

Recognizing disease by exploring
he fitemal gnalomy of the patent

DHeseonng teceased Numans i
study duaense

Arsonus Vesalivs, 1574-156%
tamous THN gentury anaomes)
faroung 1540}

Medical Images
Anatomy of the Dead from Within

Recogrizmg disedss
Dy exploring the
imernal anatormny of
the patent

Sepcting hyman

anatomy
Antpnius Vesaliyg, -

stanging skeleton
- artenal sysiem

Medical images
Understanding Human Physiology

Understanding function by combining
- anatomcal nsights trom within
- furcon intormation o withou!

Wibam Harvey 1576-1857
the disoversr of the biood croulation
{around 1650)

Medical Images
Gaining Pathophysiological insights

Undersiancing disease
by examining human
excrelions

Vigwing of unne
{aroundg 1750)

The Revolution - Anatomy of the Living
from Within
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Discovery of Radioactivity Discovery

- Nuciear Medigine - of photo effect

- PET - mass-energy equivalence
ET

imaging Methods - Morpho[ogy

Radiology X-rays
- conventional x-rays
- {eonventional tomography)
- x-ray angiography
- digital subtraction angiography
- {2-ray) computed tomography
-interventional radiology
{fiuoroscopically guided instruments)

More by Simoen Wildermuth, MD

A tirst revoiution - conventional X-rays

Airigoft iBsue contrast

Not a revolution - poor soft tissue contrast

! A third revolution
. cross secional images & computers

CT-panciple:
reconsirucion of
sectior from
projection images
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‘Sonography
Sound waves & piezo crystals

Sonography. Thyroid disease
Soft tssue conlragt

imaging Methods

Sonography sound waves
Imaging

2D Sonography

3D Sonography
- hamons imaging

Poppler sonography
- eenunucus wave Doppler
-puised Doopler

Sonography: kidney magings
soft tissue contrast

More by Kurt Jager, MD

MR Imaging
Magnetic fields & radio wave

Imaging Methods

Magnetic Resonance  raio waves
MR imaging

- static MA

- dynhamic contrast enhanced MA (Perdusion)
- MR angiography (cortrast enhanced, TOF, PC)
- MR flow imaging

- MR diffusion imaging

MR spectroscopy with P-31, H-1, C-13

MR-grncipie] magnels gracient
tields and shont f-puises P T———

More by Roiand Kreis. MO

From MR imaging to 3D MR angiography

Contrast media enhanced MR
scans

- thyroid carcinoma {arrow}

- contrast media enhanced MRA of _

the aorta
flakaunsius poanstie: aroraya)
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Image guided interventions
today by x-ray, tomorrow by MR?

Morphology and function are
different things

Morphology and Function
are different things

we cannot recognize the
genius on @
morphologlical scan

W i o e o W P B BN, i b Py

Morphology and function are
different things

3D reconstruction of a brain
MF scan

Cespite the interesting
analomy, the only conciusion
there is 1o be made:

The speaker has a braini!!

Wi F i Bonnas B W s Vi Ly s Faein
el WA N

imaging of Function by
examining anatomy is futile

Judging the human characler
irom shadow Srawings of
individuals

Imaging Methods Perspective

function imaging redefined
=> MOLECULAR IMAGING

- perfusion imaging
- melabolic iTnaging (giucose, amsng acids, nucleic acids)
- Gene expression imaging

Suitability of available methods

PET = NUC > MR (MRS>MRI>MR!) - US> CT
oplical???

imaging Methods
imaging of Function

Nuclear Medicine

singte photon imaging
static seintgraphy

- gdynamic scintigraphy

- SPECT (Single Photon Emission Computed Tomography)

gamma rays

positren annihilation imaging positrons
- PET (Posiron Emiss:on Tomography}
we 511keV yrays

More by Alfred Buck, M5, MD
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lmaging of function: nuclear medicine
METABOLIC SPIES

imaging of function is
much more difficult than
imaging of anatomy

Medical imaging over five
CEMUnes

from the anatomy of the dead -
o skeletal tunction of the
Iving

5 Kovor i B Uz'ts_sa‘_';n'é.ﬁé'

A B B, W S s Wt e My o &

Comparing imaging methods

Method spatial temporal function*
resolution resofution mal, Imaging
Soro 4+ 2 2mm e 310 MG s
T dadd 2 0.3Mmm 4+ 2300 ms +

Nue Med + 210 mm + z5s b
PET ++ 2 5mm + »5% b
MR “+e+ TOBMM e T50ms o
MRS + =10 mm + 2805 b

B bt P i Bt 2 B baar bt s Psme i

Comparing imaging methods l

imaging contrast media

Method concentration (molkg BW}

Sono Rod

cT 10

Nuc Med (it v

PET o g

MR 1o

MBS e

MR high concentration - low affinity receptors

NUC/PET low concentration - high affinity receptors

B sy e Gt M0 B e Wk vy g S
it

~Bermuda Triangle“ of imaging l

CONTRASY

SPATIAL RESOLUTION TEMPURAL RESOLUTION/

MAGING SPEED

2 b e

Image Fusion PET - MRt

{
i
i
H
[

Brain imaging: Tyrosine-PET
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A gallery of images
brain metabolism and receptor systems

| Brain tumor example |

NAAlett], Lactate {right) and Oholine {next side} maps, overlayed on post

contrast axial T1-weighted MR images were generated from a 4:20 min

PRESS acqusition {TE« 144ms; and a 16x16 veore! resoluton.
priesporion

WC e Bl ki it Tk

o T e

fMRI and fPET
ciues to the funstioning of the brain

R LA S st C Ml v

Wil we e able to unterstand coneousness using PET angt IMR?

£ Loea, S rramas s AT ik Lifins it D

CM first pass in normal myocardium

B G transit

Pre-Contrast .
g9 through AV

CM transit
through LV

Peak af
CM Bolus

£ Lo A i T Py BT B ey bomni Cur ko el

Perfusion example

inferior
ischemia

no
ischemia
post stent
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MR PERFUSION

lme

B A

et

Peak of Bolus

S'cmlmﬂf3| pre-contrast

time

K et AR P i oA T e

Perfusion example

infero-posterior Ischemia (top row)
recovery after dilatation and stenting (bottom row)

MR perfusion imaging vs PET

Hver

MR

peak of bolus

MR

parametric image

PET

stress ammonis

B Sni X Pt Bane R PR iy o St e

Fourier Elephant
drawing from: A. de Si. Exupéry; the Littie Prince

y contour
gp’\\v\ Fourier synthesis
.,; f"“”\ "‘:
EAY
A e FOUrier series
// \\ with 6 frequencies

o o Myt MEE 00T raparthy Seomedal ek Lo rmtant

Nuclear cardiology: ischemia

o o

stress

L

rest

O 0

infgrior detect untder sirpss, wﬁ:ch is virtually absent under res!
conditions: inferior ischemia

.

A
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Two basic types of motion effects

Measuremenis of
distance and time

»>

Measurements of
orientation of pixel
magnetization

| yeiocity

distance d
Tume TE'Z

ean velocty
v=2dTE

& Fiun i v C b W PR et syl e St e

Richard Scarry: Children's Book
This is CT

Richard Scarry: Children's Book
Thig is PET

o o PP ——

» Smart” contrast agents
the power of fluorodeoxygiucose (FDG)

Recogrution o
metasiases can be done
eigganty with FDG-PET |

extrormely ugh signal 1o
roise rato:
virtualy no background
makes the lesion stand
out brightly

CATIH0OMmE

e I |

. Richard Scarry: Children's Book
| This is PET/CT

in-line PET/CT

Seite 8



What do we have ?

State-of-the-art CT scanner
State-of-the-art PET scanner

integrated into one PET-CT
machine

MDCY: Where is the Lesion in this lmage?*
*Note: you get typicaity 200 of Those!

FDG-PET: The Lesion is Here!

metastatic melanoma
singie manitesiation A
-

£ ot b e e s o

PET-CT: Subcutaneous Metastasis of
Melancma

Integrated PET/CT

Acquisition time 25 min |
i

Increase in specificity
NSCLC without mediast. invaivement

Seite 9
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. Conclusions 1

Extensive imaging of human anatomy stated ivthg ™
Reraissance

There have been severai madical imaging revolutions

- the discovery of x-rays

- the introduction of contrast media

- the use of reconsiruction mechanisms o oblain tomograms
- the use of imaging 1o guide instruments for inlerventions

There are few analomical delais of rejevance which mogern
imaging stil teeds to provide

image guidance of minimaly invasive procedures s Lsed
will increasing frecuency e

Conclusions 2

The 3r¢ millennium ¢halienge: development of function imagin
gng

imaging of funchion i sl in g infangy
- nuciear medicing has provided such informaton far &40 years
« PET:maging ¢ being ntroduced on a large scale
hecause of its impressive clinical capabiliies
- MBiand US provide some iungtioral informalion

Imag:ng of invive phys.oiogy 1§ slowly bocomuing & really
Modakties are

- NM, PET and fPET, MRI anc IMRL, US, MRS??
- optical imagmrgT?
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CEAN ACADEMIC TRAINING LECTURE 2002
Physics Technoioges in Medicine « June 11,2002

X-rays: still going strong:

Multidetector computed tomography:
New developments and applications
Simon Wildermuth, M.D.

U institute of Diagnostic Radiclogy
University Hospital Zurich
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Summary

OUTLINE
Technical Considerations Lo
Ay
imaging Protocols e
Clinical Applications o _}
Image Postprocessing R

1974: Siretom 80/80 Matrix
5min/Bild

1987. Somatom+ /512Matrix
8Sec/image

1989: first Spiral-CT
Somatom+S




1994: Somatom Plus 4
first Subsecond-CT

1998: Somatom Volume Zoom

4 Images/ Rotation
Rotation-Time: 0.5 Seconds

MULTIDECTOR TECHNOLOGY

Channels
~ {(Siices)

T Detector

Singie Slice Meuiti Slice

Ef.si:;:?',‘“

Multidetector CT

fast volume scans

thin collimation for entire volume
better patient comfort

shorter breathhold period
isctropic resoiution

improved image gquality

iess ariifacts

perfusion studies

GE- AND SIEMENS MSCT:

THE DIFFERENCES
» Detector Design . w7
» Use of Pitch S
» image interpola- SRR S
tion/Recenstruction i 3




__DETECTOR DESIGN
Adaptve Array Detecter | th 25 S

I 5"

Matrix Detector

o
ot 4nQ b Ty Tmm

E==F 4 Channels

PITCH - SSCT

Tabie trave] (mm) per gantry rotaton
Shee coilimaton (mm)

Bapn -t _?’!cc?_\_:_ P9 Proh LR Pach .24 Paen

* Prch (wih constant mAs, XY, colimation)

» Tabie Speed increases

» rrAS-value decreases

» Patient dose decreases

> Bechon Mickness iNCreases

* IMage neise INCrRases

INTRAVENOUS CONTRAST AGENT

Automated Injection Pump

Cuantity mil 120-15¢

Nact Flush ‘mil 30-50

{odine imgimi: 300

Flow mifs! 30-40

Delay s : 25-35 arnterial
Boius Tracking? 70 prtovenous

-

2x £.5mm 4% tmm

PITCH - MSCT

Tiabie travel sl por Gantty rolahon e

Shcg colimatien rmemt 25 mm

125 Pigh. 13 Paon -1 75 Pacmoe

Tabsie ravet fmim; por Gantry ratahc

Nurnr sockon ek

AUTOMATED BOLUS DETECTION

CareBoly#® Volume Zoom Navigator, Siemens, Gormany

Data Acguisition

Enhancement
Aorta

T N S e

Boius Injection




4x2.5mm

TF 25 mm/sec

120 mi, 3 mifsec
SW 3 mm, R 2 mm

Workfiow ) Step 1-6

AGHT By SORSURENY BRMTS

< Planmng

.
Nt 5 AR

« MRCT
» Dkt reaons il on.
« MRCT
« 7
» S
¥ Sula storagaipanung
= =RCT
* Sne
« Nock/Thorax Aldomen

workstation « Data Transfer

‘ Storage . E}J?ge'r%cx“

" Printing * Laserprinter

 Mutiisiice CT < > Singlesfice CT
v Faster scanning time
v Extended volume coverage
v Increased spatial and temporal resolution
WCT-DMKS need rewriting
Cuality management 7
¥ Technical envirgnment

¥ Personnel

- CT-Uimgebung UST (Siomons)

CT sl

The time has cdrﬁe.-.

S gere e

IMPROVE YOUR ARCHIVE




The past

The future

4 parallel detectors

Improvements: Disadvaniages:

= spatiai resolution + large data volume

 temporal resolution = postprocessing time
b

MD-CT: Postprocessing

= dlagnostic information in CT = far more than
the sum of the individual slices
* main advaniage:
nearly isotropic resolution
2D:Multiplanar Reformatting (MPR)
2D. 30: MaxMin intensity Projection (MIP)

Kink Surface Rendering (SR}
Volume Rendering (VR)
Virtua! Endoscopy {(VIE)

3D Reconstruction

» data acquisition
oplimize parameters.
spatial resolution
examination time
radiation exposure
» data management and display
= information distribution and
management

Isotropic Voxel

Isotropic Voxel Aninsotrapic Yoxo {sotropic voxel

= FOV &l em OV ACom
Voiume Voxel i cubic Maltx 518512 Matrx 532x55%
Shea it 3mm Sty i Y

{mportant factor for high quality 3D reconstructions:

Longitudinal resolution in (z-axis)

Isotropic Voxel

A: spatial interpolation methods
resample reconsiruclion mignva!

cecrease pixel resciution (512 » 256)
ingrease FOV

Vare

B: true istotropic imaging
MD-CT imaging




Multiplanare Reforma
e

tion {(MPR)

Multiplanar Reconstruction {MPR)

Maximum Intensity Projection (MIP)




Surface Rendering (35D)

Retroperitoneal Bleeding

Segmental Arterial Mediolysis (SAM)

it

Quantification (Tumor Volume}




Volume Rendering (VR)

Volume- vs Surface-Rendering

Volume Rendering Surface Rendering

« high perf. workstation = binary segment. requ.

* VR graphics card *» only surfaces displayed
* no distortion « generally fast techn.

« internal structures vis.  * polygon > YMRAL exp.
« several structures joinlly  » selective display

displayed « measuremerns
« volurne visulisation « soft tissue modeling
of volumetric data « surgical planning

» better diagnostic quaity?
both methods need segmentation !!I!




Virtual Angioscopy

» Virtual colonoscopy and bronchoscopy
have fiberoptic correlates

» There is no means of directly
visualizing the inner walis of blood
vessels with optical technique
{opaqueness of blood)

CT Colonography




CT Colonography

Binglo Detector UT-Colonograpty (CTC)

o ot o mratrtion
,.;.“.:.m. o VoRmpe  cotumagan o intrerrnt
i e e
g P 25 men . " - 18-85 mm

Multcetecior CT-Colonograghy (MO-CTC): LOW DOSE PROTOCOL

W e ron ATt
hemteure i i it
A 't o
R B forzhem 0% e, -3 mm

Multidetector CT-Colonography (MD-CTC): HIGH RESOLUTION PROTOCOL

[ Tatoe o i
hiowd -l e h oty bl ] “:l!:m Eita aa ot
uheirpirary

o mA ;;: 18 s L5 o

_RENAL ARTERY CLOT
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GASTRIC FUNDAL VARICES
* May cause severe variceal bieeding

« Sequelae of portal hypertension

+ Establishing diagnosis is difficuit

GASTRIC FUNDAL VARICES

GASTRIC FUNDAL VARICES

AAA IMAGING

30 MR-Angiography

= fast spoiled 3D MRA
» Ga-DTPA IV

Spiral CT-Angiography
MD CT-Angiography

ENDOVASCULAR
AAA REPAIR

* covered stent used for AAA
reatment

-less invasive
—less morbidity/mortatity
* appropriate endov, stent-graft

technology requires high accuracy
imaging system

e




VASCULAR STENTS

» requires length/diameter measurements of
LIOXITA! Neck
distal cufts and gratt imbs

+ undersizing endogratt diameter may have
endoieak {pengratt ow,
migrakon

= under-/oversizing endogralt iength may have
endoieaks, acclusion o branches
nking

MEASUREMENT DIFFICULTIES

 axial CT sections do not =
provide perpendicular
planes to the vessel

« diameter
measurements difficult

MEASUREMENT DIFFICULTIES

» conventional angiography
provides a 2D projection of a
complex 3D structure

« catheter does not foliow the
centeriine of blood flow
channel or propesed graft path

» length determination difficult

VIRTUAL ANGIOSCOPY (MediS)

L[]

highiy generic and flexible
systemn

combined surtace and
volume rendering

recording and measur. of
different exploring paths

multiple stent placement
and measurements

virtual stent graft adjustment

+ Multislice CTA {or MRA) is well suited
for planning of endovasc. acrtic stent
implants

» virtual endoluminal approach provides
direct data of the sten! itself, resulting in
accurate diameter and length
measurements

12
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Surgical Planning
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Virtual Rat Dissection

smali ammal
0.5 mm coliimation
semiautomat. segmentation

14



Surgical Planning

Haptic Feedback

Conclusion

« multidetector CT aliows
rearly true iSolropic maging

* major impact {or most image
postprocessing modalities

+ multidetecter CT is well suited for
pianning of endoluminail stent
implants and surgical planning




Elucidating healthy and pathological Positron Fluoro
human physiology with PET emission 3 Deoxy
tomography Glucose
J Ai:ed Buck : ET -
@ Unmer:!;;?:::atzmm @ (p ) (FDG)
pos:synapt;c
Neurotransmission
mresynaphc
posisynaptic

Imaging Neuroreceptors

presynaphc




Blockade of uptake sites

postsyraptic

prasynaphic

Parkinson‘s Disease

postsynante

presynagte

[



Normal [F-18]FDG PE
— —

Image coregistration

Epilepsy

[



Dementias

& Confirmation of Alzheimer's

Brain Tumors




- Chilgren's Book

[y

 Richord Scarry

uHere i st

Positron

Fluoro

emissions

Deoxy

Glucose

tomographie

(FDG)

-

(PET)
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Elucidating brain function

Allred Buck
2ET Center
Unwveraty Hospital Zanch L

£
e

y i
F’os«"tronene%fi;siogs&cmographée {PET)

.

Experiment 1




Experiment 2

How the brain navigates through the

information jungle

[ R



PET Experiment

Biood How
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I

et e
Seans S0P -

-

Jiite:-]

Baseline
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Experiment 3

gl A
( ":"/4 A SF /
KW




Experiment 4
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Ultrasound:
Imaging Biced Flow

Kurt & Jager
University Hospital
Basey/Switzeriand

Kapgerd uhbs on

Diagnestic ultrasound

Refiection of short puises of
sound waves (2 - 20 MHz)

Synonym: Sonography

Some major early developments

1822

Cotladen Danigl calculated speed of
sound in water

Some major early developments

1822

1877

1880

Coliaden Danig! caiculated speed of
sound in water

Lord Rayleigh ,The theory of sound”
wave transmission and reflection
Curie Plerre and Jacques discovered
piezo-giectric effect

Some major early developments

o2

1838

Richardson tiles first patent for under-
water echoranging soner {icebergs)

Pigrce and Griffin
detect ultrasonic
cries of bats

Some major early developments

1838

1942

Pohiman describes therapsutic use of
ultrascund

Dussik Kar! Theodor: Hyper-
phonography of the brain




Some major early developments

1638  Pohlman describes therapeutic use of

ultrasound I
1642 Dussik Kari Theodor: Hyper- ﬁ
phonography of the brain ot

1855  Satomura Shigeo. :
Appiication of Doppler effect

&

:

Af =
c
Af og
V o= e
2%,%C08 1

2 fevecosa

Increase in flow velocity in a stenosis {

i S
mmmmm = /I//«:“k‘ m'“mw /-'—\\
i i ! !
e &\‘:—:—’“4 :@rx
G ALY G APy

A<A, + V>V, |

Grading of stenoses

13

not significant signiticant

S

CAA L
-~ \*v-\ & \ - ! 'A.._.'il‘......ﬁsp-

25 .50 % 50-75% 75-99%

% 1-25%




Piezo-electric effect

i
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Reliable grading of stenoses

= Narrowing of vascular umaen from
normal {0 %} o ocolusion (100 %)




Arteriography [

Heliable grading of stenoses

» Cast a shadow of the [ Anlonor s Tateral proocion

. . H A 0 S shewises
« Narrowing of vascutar fumen from rasiduai lumen upon WTr i
normal (0 %) to occlusion (100 %) an X-ray film }_-, _3 e
- ‘ -& B

e AR TECLUCHGR

Eo MR PICLICTON

Arteriography ]

+ Cast a shadow of the ADTOF B TR S ptiar
residual lumen upon AT
an X-ray fiim 8 %

» Diameter reduction

LR B mw..'y{': e ant i 481, 4 e
v.5. area reduction { % ares ructon
ot : B tiasrter ndoction
. e e n P — SR,
i Concentec reguesr storems | T L T P Y L Canoepirs mauist slerens o Caenetnds etegudan stonons
TR TR TR TR NIRRT
D ——— | |EE T O i

gy 2 OO0 00  ewe®

LAROIHIG foria stendmn
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faul MoK
S S Cwae i s e Fraks Lhas

"

CARLTID PLACUE
BaraCT™ REAGING Wi XRES™ TECHRMLOLY

The artery initially enlarges in
response o plague accumulation

w
STENOBIG

e

w..w?, “-r‘{——

Flow through stenoses

Factors influencing fiow:

« dagree of stencsis
» morphology: length, surface, shape
+ nflow

» outfiow resistance

6



Second generation
contrast agents

Harmonic imaging !

-~ Soft shell

- Oscillate and give characteristic responses
at low pressure ievels

- Distinguish echo from CA and tissue

- Perfusion measurements

[T TR
At g

Harmonic imaging

D e e

REEIREE

Blood flow

Arerial system

« arterigs carry bioed to the organs

* occiusive disease mainly due 1o anerosclerosis
thean, brain, abdomen, extremitios)

Yencus system

* returns blood to heart and lungs

» thrombosis may result in embolisrm and chronic
venous insufficiency

Arteriosclerosis

« Civilization disease
Probtem of our modern day society

+ Caused by known risk factors
- 3Moking
- ¢holesterol
- diabetes
- high biood pressurs

T

I



[ Arteriosclerosis

* An ancient disease

Arteriosclerosis |

« An ancient disease

Egyptian papyrus and murmmiied human
remams —— 2rieriai disease

- Was not uncommaon

- was not different

{ Arteriosclerosis

» Disease of the eiderly man ?

Age Founs

Arteriosclerosis |

Witlam Harvey

T - eh T

D IOt COrGs e
sanguirs, 1639




Lz Pora, 185
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US - technigues o assess stencsis

* B -Mode imaging

+ B- Flow imaging

= Doppier techniques
- Color coded imaging
- Spectral analysis

» Echoenhancer

US - techniques to assess stenosis

-

g -Mode imaging + overestimate stencsis
B- Flow imaging
Doppler techniques
- Color coded imaging + underestimate stenosis
- Bpectral analysis

Echoenhancer




Stent in internal carotid artery ]
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Abdominal zonta
and
visceral arleries

Yeas834%

Improve walking capacity
and avoid amputation




Blood flow

Arterial system

* arteries carry biood 10 the organs

= pcciusive disease mainly due o anterioscierssis
theart, brain, abdomen, extremities)

Venous system

* returns blood 1o heart and lungs
* tnrombosis may result in emboiism and chronic
vanous insufficiency

Thrombosis

Thromboembolism

ﬁrgmsis Thromboembolism

Embolism

Relevance of puimonary embolism

Rate of fatal PE in Europe: 80/ 100000

Fatal PE in USA: 200600 / year
In-hospital mortality due fo PE . 10%

Most frequent severe in-hospital complication

Pulmonary embolism (PE) and
deep vein thrombosis (CVT)

= B0 % of emboli stern from lower extremity DVT
At the time of DVT-diagnosis » 5C % have PE
Untreated DVT results in PE n 273

Lintreated DVT resuits in fatai PE in » 10%




Venous insufficiency |

caused by

- incompetent venous vaives
- nereased venous Jistansidiity

- increased iNtravensus pressue

Origin of refiux

ATk Pepg sar wastula wiass sl

i3



Origin of reflux Origin of refiux

ey e

A Trwah Potgiarg vamoanat wasegas TG

AT SUGTRGE VRS R ARG, TG

Reflux
at sapheno -
fernoral junction

Sapheno-femeral
junction

[RISCITTIEAR O

Valsaiva

The Egyptian eye

" outamzILe @ips) Tkl MEOs
T ORE BRI ANGIOLGGH L1345 2 PV an JISTVIOE PIUEIRE  Saphenous oye

Saprenous
LOmPANMen!
Saphenous 1650
- rrscar s

- STRTEN AZE ST

Anchonng strangs
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Saphenous vein and tributaries

._ s i TiwLl MG
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Bird 304 24 om

Duplex scanning : Conclusion

» Compares favorably with angiograghy in the
delection and charactenzaton of lesions

Duplex scanning : Conclusion

Compares tavorably with angiography it the
detection ang characterization of lesions
Provities information needad for pianing of best
tregtmant

Duplex scanning : Conclusion

« Compares favorabiy with angiography in the
detechon and charagienzation of lesions

+ Provides information needed for pianing of best
treatment

« Sate and reliabie non-invasive diaghostc
maodality




Duplex scanning : Conclusion

Compares favorably with angiograpny in the
fection and characterization of lesions

Provides intarmation needed for plaming of best

reatmen

Sate and reliabie non-invasive diagnostic

modainty

More uitrasound machines nstalled than ab

other imaging ecrmgues comained

for your attention

First generation contrast agents

Dptieai meecting with high spend camera L2500.080 framesi}

Harmonic
imaging




Magnetic Resonance in Medicine:

Morphology and Way Bevond

Roland Krews, PhD

Drept Clissen! Rescarch
7

MR Spectroseopy and Methadolapy

ey Berme, Swoteeniund

How Come ... 7

How come, a technigue

* using radiation with a wavelength in the
meter range and

* with equilibrium population differences of
a few ppm

should be useful for imaging of humans
and even single cells ?

Table of Contents

» Theory
— Quantum-mechunical Description
- Classical Mode!
- Baswe MRI Sequence

- Contrast Mechuanisms

= Applications
- Examples from Routine Raudiology
- Advanced Applications

- Froagier

Bootstrap for Physicists |
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Bootstrup for Physicisis 3

Reievant parts of Spi-Hamiltonian:
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Spn-Spin Interactions
INMR Spectrosenpy +
advanced apphoations:
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High Resolution NMR Spectroscopy
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Effect of RF Pulses (7

3

! Elfect of 7 polse:
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Effect of RF Pulses (1/2)

] o . .,
i REffectof w7 pulse:
H
H
;

FE—C

Mz~ Mx
72 il eods 1o

Lo ohservable

£
b
' coherent precoasio,
|
|
I

i ; mugrhclization
Foe | .
Ik H Stanc i3,

i
i
H
i
i

Misfitie! ;Em s

Observabie Signal {induced voltage)
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Macroscapie Magnetizotion Induced Vol
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RF Penetrates the Human Body
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The MRI Scanner

Homogeooous,

Switchable, ma
Cirndient-Fields

iy



Resonance Frequency
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Frequencey Encoding by Projections 2
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Projection Reconstruction

righent

Cosardeer o o oo 3, Heme

Proiection Reconstruction

w\
& T

%

A
\@‘/‘ =N J/ \:‘:.

Projektionen

enerte i at @ i i Begne

Selection of Directions

(HERPRIY2)

Cosspne s o 7 ek, Borae

; 1 UEHTIDS N4
| H

Slice Selection

v B

Bon
Av L-Uradicn

’
v 5
V= A2
2n
Selected
Shioe

£ angrtery ol opecis Brsos

Selection of Directions

Frequenvy-encoding  IREAD

R A S

Frequency Encoding in X and Y {miespuee™

u 180 ' .Sw""‘ai o
90 ’ s

(m

ety i 3 Manw 5 Heree




Data Storage in Jk-Space™

Svrte ol € Jie i Biree

From “k-Space” o Physiead Space hy Fourter- Transformasion

“k-space”
< HwadtusesRdonung >

physical space
felenliied doman}

< Phasen-Richtung >

Ko apaiad froguency vector

Adizetpdd trogs ¢ R s, Brvsie

Central Part of “k-Space”

< Read/Lese-Richtong >

< [Phasen-Richtong >

<pgriews od 1 Bewseh, Berne

Peripheral Part of “k-Space”™

< Read/Lese-Richtung >

< Phasen-Richtuny >

Ceraress b L Howse & Berne

Fourier Imaging

NON-STANDARD MRI

FOURIER -Iaging

Clanriev ol Roea i Besne

Spatial Resolution

« NOT limited by wavelength

« only hmited by

« gradient strength

6



Microimaging with » ~0.5m

Mouse Embryo
13.5 days post-conception

Sagitta! slices
Left-right viaws

Abars {rhenein
Stunseli L Jecows Caleck

eulechoedn

FROWWR ITION AT

Mouse Embryo: 3D Rendering

Bp Awwav monseatias.catieglgdy
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* Theory
- Quantum-mechamca! Description
~ Classical Moded
- Basic MRI Sequence
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~ {lontrast Mcchanisms

= Applications
- Examples from Routine Radiciogy
-~ Advanced Appheations
-~ Fronner

Spin-Density Contrast {p)
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Standard Contrasts in Cranial MRI

Proton-Density Te-weighted Th-weiphted
ERP AT E ALY 8 FRATE 25k N i PRATFL il e

MRI: Routine Clinical Techniques

Astrocytoma: CT vs. MRI

cT Ti-weighted MRI

No deiectable Jesion prominent lesion in brainstem

Aovear oid bov with bekaviosral vhanges, tamer srerpe Tl

MRI: Contrast Mechanisms

2 ittherent 3 induced

¢ T » Contrast agents «Gd,
. T e
. T i * Endogenons contra!

2% isaseepdibibiyy

agents (deoxy-myo

feoxy-lem-

- MR

*» Hyvperpolarized gas
"He, Ko -+ Lungs

v Dwvramig MR o

e Inffusion (WL ADU
Orninn

* Perfusion iFlow

* Magnetization wansfer
(MM S wosen)

* Buik monon

e (Chemical shift
icherncal analysiz By
RCHOMODY |

Multiple Sclerosis (MS)
typical MS lesions in white Retrobutbur Neuritis
maner {Corpus Callosum; {olten I s of MS)

Tr-weighted MRI Tr-weighted (F MRE

Fetal MR Utero

Sagittal View
w.r.t. Mother ]

Coronal view
w.rt Mother




Uandiovasuia: Masnehr Kewonssie htopmg o the (387 Zorah

Cardiovascular
Magnetic Resonance Imaging
at the IBT Zurich
Sebastian Kazerke, Klads P. Prugssmann, P. Boesiger

Institule for Blormedical Enginoering, ETH Zurich, Switzertand

Standard Views

Real-Time Imaging

Norma! aortic heart valve

Mrang siGu mugng Suate shoa sconvenhonal)

ERETALN

shor axis long axis
VIeW view
axial valve
ViIeW
Moving slice imaging
i RN UV
Aortic regurgitation
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Heart vaive prostheses

1) firn 123 Sl
) et A4 climrh
) Sxustr ity

A wonnre

Biood velocity/shear rate

L il i TSP Admad

[Tt

Blood pool contrast agent

Functional MR Principles

Activation upon Perception of Disgust
5% 150%

disgust §

5%  100%

Piudips vt al, Natare 385495019087

Activation upon Perception of Disgust

Intierence

Pluilyss ot i, Natwre 3863051 1907
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Late vs, Early Second Language

Early-learned 2nd language  Late-learmed 2nd nguage

W Sintrwr 1 gt
U Fimrot] Frewn,
o Sy

* N o
B2 s
o At

Roemet al, hatinct cotacad arems assocratod with talave and ool

lanpiages, Satamg 385

e Lactae

= concentration

resomance Treguetcy / chemical st tppay;
= chemical identity

Perfusion MR by Continuous Arterial Spin Label

Abop and Dutre, Radiobogry 20845016 (1998
oty o Poul

Fosh op

MRI vs. MRS

With MRI you depac (it MRS you determine

Water! It oveliuber faniln Acrtaie,
ALRIC, APt e
Negoerylnsparae, Creatine:

WA l ER MY INOSHEL S, L
Cilutmnate, Vhes pivit vit
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Glvpegen, Carnosiog, Carmte,
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s phoreation, Adem,
“ALs 2 -Lapdsplgivec ¥
Dwain stemmgaotes, O 20, B, Propance us)
ShiwsCCath vnr, Clotafiene

CProstate Tumors
T

MRS: Evaluation of

‘

¥
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Crueien
Creas, Cretema
) : N
& : e
E. =
T Fa * 4 ¢ our
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s 88 30 28 14 P T aspen —_—
Alrophy or Necrosis Benign Tissug Cancer

K tatpws of X, Rithalogy, 1996, D00 425-66

UNIRS: Therapy Control for Prostate Tumors

) suceessiull
store Cryo-therapy
Cryo-Therapy

Judped by
oA ttre Fatn

fatled
Cryo-Therupy

Aot e o 6

—



MRS: Therapy Management in Phenyiketonuria

Do wee have to micassre phenvilasnine (Phe m brain by TH-MRS
¥ By By

for Lictary control” L. , .
TOF CITATY COMIOLT oy bload Phe reffeets brain Phe!

Phe hram)

oG, T

Pre (blood; [mM:

MRS: BBEB Kinetics in Phenylketonuria

Ciy we measere the blood-hron-barrier Kineues for PHE

ith FH-MRS? e
! YES, but exact model up to debate!

Phe dynamicos
after oral Phe
Raad i PRU
AN

MRS: BBB Kinetics in Phenyiketonuria

Can we block the blood-bruin-barrier uptake of PHE und
observe this with H-MRS?

YES and YES !

Fhe upske
blocked by
sainration of

carrier by other
aming acids
NAA Large
Nanitiad Atsase Ak

MRI of Thin Air

. but surely vou can't image air !

No, not thick air,
but if we add hyperpolerized gas,

14

Hyperpolarized '-"Xe Imaging

129% e

MRIT ol the lung

H

Mugoer el MRS a0l MRS swang,
yperpiared e Gas
Prelom e v £0s0its

Miagrn Ko Ve 2T i (00T

MRI of Gene Expression

... but surely MR1 is no good for
molecular imaging !

No, not right away,

but if we use special conirast agents,

14



Contrast Agent for MRI of Gene Expression

In vive visualization of gens expression uging MRL
Angeague Y Lowe of 3 Nature Sotechnoiogy 18, 371 - 225 (2008

MRI of Gene Expression

- siagle living X, Jeevis embiryo
st rmae N

MR with CA activated where markes gene Hpht mucroscops afler staimny
eapressed

Marker peae eaprrsies on B oo snmadd sy dus g0 catis eol weechon

tn vive vicualization of geoe expresion using MRL
Apgvigir ¥ Lewstczar Natire Hustechnoley T80T A0S0

Why I couldn’t cover it all
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Take Home Message

* MR inherently is an insensitive technique

* MR has huge success in medicine duc to
NON-INVASIVENESS

and

VERSATILITY

tremendeous
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Danegers of MR1

IIMEI
Pasadenia 474

Arbitrary Shice Orientations in MRI

axial coronal sagittal

Why [can't cover ail of 1t ..
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Nuclet {spins} with external B field

Sptns gither up or dowh

lucoherent precession
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Leukoencephalopathy

Diffusion-weiphted-MR1 m acute eukoencephaiopathy

Adter 5 days Alter I months

Vil Lewvidiand ro ol Uinicerssts flognend e

Blood poot contrast agent

Braucy SEROGE! T2oep

Functional MRI: BOLD Effect

..b

Coronary sinus flow

& HOCHE
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