Biomedical Imaging -

Historic Overview

Method Year of Discovery Discoverer f [nventor Wavelength / Energy Basic Principles
X-ray imaging Movember 8, 1855 (1896 first Raontgen (NP Phys 1901) eleclromagnebc wave Opacily caused by Galeium
chnital usa) Pupin {Columbia) =102 80 10F m, 100ev- [N I:lnnEE_F'hulu-EIectri-:
1918 W. Dandy 200KeV {ionizing Effect—£" Complon Effect
Prneumo-Encephalography 1227 | £ Moniz radiation)
Cerebral angiography
Computenzed Axial {1917 math. foundation) (. Radon-Aslromomaear) same as X-rays Fourier fltered
Tomography 1972 H. Hounsfield (EMI) Eritish, backprojecton
{CAT-Scan) Knighted, NP Med. 1879)
Positron Emission | 1933 Browmell, Sweet electromag. wave positron pairs emitted in
Tomography | =102 m 500KeV-2Mey  [opposie direction
{ienizng radiation)
Single Phaton 1963 Euhl, Edwards eleclromag. wave phatans emitbed
Emission =102 ta 10-'% m
Computernized 100K eV-500K ey
Tomography {ienizng radiation)
Magnetic 1945 Physics of NMR Bloch, Purcell, Hahn non-konizing Muclear Spin

Resonance Imaging
(MRI)

1852 Spin Echo
1971, 1877
1973

since 19380 MR

F. Damadian (SUMNY-DMC, idea
for tissue 1871, whole body image
1877)

P.C. Lauterburg {first clinical image
of inger)

I=1to 10° m,1 MHz to
1GHz

(relaxation depends on
envirenment)

Ltrasound 1932 Wild, Reid Soundwaves Different speed of sound in
1961 First clinical use I=210 10~ m, ~ TMHz diff. tissues

Magneto 1984 M. Singh, R. Brachner, V.. changes in magnetic field

Encephalograpay Henderson due to electrical currents in

{MEG) brains

Diffuse Oplical 1982 Barbour (SUNY-DMC) I = 700-200nm interaction of light and tissue

Tomaography (DOT) Chance {UPENN) {non-ionizing)




Ultrasound Imaging (US)



Ultrasound: Generation

Pl.ezgelectrlc crystal Wave length (1)
within transducer . .
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Continuous wave




Ultrasounds: principle

Specular (vessels, cardiac
cavity, epicardium)

scattering (capillars, myocardial fiber



Ultrasound Imaging
ECHO IMAGE GENERATION

US imaging iIs based on the detection of echoes due to
discontinuities in the tissue or among tissues

1. US Signa
Emission

2. Discontinuity s

3. Signal
transmission
4. Echo detection




Ultrasound Imaging
ECHO IMAGE GENERATION

Transducer measures echo-signal amplitude
(depending on tissue characteristics) that ultimately
affects gray level image




Linear Arra
4 Anular Array Curved Linear Array

50MHz 7.5 MHz 5.0 MHz & 3.5 MHz
g ~ S APA 2.5 MHz

APA 3.25 MHz

APA 5.0 MHz

APA 7.5
MHz

Phased Array TEE Multiplane probes
2.5 MHz 3.5 MHz

MPTE 5.0 MHz
AMPTE 5.0 MHz

| ' ' PMPTE 6.0
MHz

Any Probe Operates in Multifrequency Mode




US: Image formation
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During beam steering a
region of tissue is irradiated
by ultrasound energy.

At any acoustic discontinuity
In the tissue a backscattered
signal is generated,
processed and represented in
a gray scale monitor




Color doppler

B-Maode
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3D Ultrasound Imaging

3D probe




Ultrasound Imaging

Foetus 3D Ultrasound Imaging




Ultrasound Imaging

> Ecography exploits vibrational
energy in the frequency range
of 1.5 to 50 MHz,

> Peculiarities:
> non-ionizing
> High spatial and temporal
resolution
> Riskless for patient
» Low cost




Magnetic Resonance Imaging
(MRI)



MR: Hardware

SHIELD




MR: Hardware
RF colls generate the Rf pulse and detect the MR signal

“Brain
coil”

=[]

“phased array coil”




MRI - Acquisition

123456




Magnetic Resonance Imaging

3D Cardiovascular Reconstruction




Il paradigma sperimentale

Descrizione del paradigma

sperimentale 1t Tg

(es. tempi di presentazione di EESwes _J = ,
due categorie di stimoli) — —

tempo (s)
ISI Tempo di
(intervallo inter stimolo) presentazione stimolo

Unita MR Arbitrarie

Risposte in diverse
aree

Serie temporale associata a diversi voxel



Applicazioni

Planning prechirurgico

Psichiatria
l.e. Fobia sociale
Sighted
Tactile
Studio delle funzioni Flow
sensori/motorie cognitive +1°
+2.0
The Effect of Visual Experience on the B -20
Development of Functional Architecture
in hMT+ 15
Z-score

- Tharin S, Golby A. Neurosurgery. 2007;60(4 Suppl 2):185-201
- C. Gentili et al Brain Research Bulletin, 77, Issue 5, 25 November 2008, Pages 286-292, 2008
- E. Ricciardi et al Cerebral Cortex. Advance Access published March 19, 2007. doi:10.1093/cercor/bhm01840)



X-Ray Imaging (XR)



Conventional XR

Portable XR



XR: Examples

Portable XR




Angiography with subtraction of background image

« XR angiography
* Monoplane
* Biplane

e Multi-angle



Computerized Tomography (CT)
Imaging



CT: Computerized Tomography




CT: Example
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CT: Hardware

Spiral CT

e Continuous linear
movement of the bed
during scanning




CT: Applications

3D Visualization

o : rtiC Ste

"""""""""

r__‘t » Colon (7mm polipus)
| *, '. TR




CT: Applications




CT: Applications

3D Visualization

Wolume Fendering Mo cut




Single Photon Emission
Computerized Tomography
(SPECT) Imaging



Acquisizione di
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Positron Emission Computerized
Tomography (PET) Imaging



|. Principio fisico della PET

2 fotoni vy in colncidenza a 51




Acquisizione di immagini PET

Data acquired by detectors represent the
number of counting and the time relevant
to counting (synograms).

In order to obtain images, synograms are
further processed by means of
reconstruction algorithms.
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PET: examples

Tracer: 3SNH; — ammonia
Usually employed for flux measurements



examples

PET

Colon inflammation



PET: examples

Depression

Cerebral glucose metabolism in healthy and pathological state
(Depression, Alzheimer Disease, FrontoTemporal Dementia)



Molecular Imaging of Gene Expression
Coronary Endothelium and Muscle

The ""future""

The ""present"’

. . : o "PET reporter-gene in vivo "
Immunoistochemistry ex vivo



New trends: microimaging and molecular imaging

eye
? metabolism
Heart

.

metabolism

ih

MRI1 Anatomy PET physiologic Combined

and structure 'maging 'maging



