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~ path of gamma photons
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2 5 k8 (Scintillation Crystal )
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The positioning circuit improves image resolution.



fixed, parallel fixed, perpendicular adjustable
Two-headed SPECT camera.
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PET Overview
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Figure 1.1. The principles of POT ﬂpﬁ o : \
imaging shown schematically: (a) the P.p Positron "":“1-}.5 .,
decay of a neutron-deficient, positron- p% range | '
emitting isotope; (b) the detection in co- Neutron-deficient :
incidence of the annihilation photons Isotope i

i

within a time window of 2t ng (¢ the o
glucose analogue deoxyglucose labeled
with the positron emitter "F to form
the radiopharmaceutical FOG; (d) the in-

jection of the labeled pharmaceutical . ad
and the detection of a pair of anni- e
hilation photons in coincidence by a o '
multiring FET camera; (@) the collection L \
of the positron annihilation events into - °FDG z
sinograms wherein each element of the injection <
sinogram contains the number of annihi- ;
lations in a specific prajection direction;
and (f) a coronal section of the final, re-

d e f

constructed whaole-body image mapping
the tilization of glucase throughout the

patient,



Positron Annihilation

511 keV PHOTON FIGURE 1. The process of
positron emission and subse-
quent positron-electron annihi-
lation results in two 511 keV
annihilation photons emitted
1807 apart. The site of annihi-
lation is usually very close to
the point of positron emission
because the emitted positrons
rapidly lose their energy in tis-
sue (see Figure 5).

POSITRON

POSITRON-EMITTING
RADIONUCLIDE

ANNIHILATION \‘ﬂ

ELECTRON

511 keV PHOTON
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PET v.s SPECT

DETECTOR

FIGURE 2. (A} Radionuclides that decay by positron
emission result in two annihilation photons emit-
ted 180° apart. If both photons are detected, the
detection locations define (to within the distance
traveled by the positron prior to annihilation) a line
along which the decaying atom was located. (B)
Radionuclides that decay by emitting single pho-
tons provide no positional information, as a de-
tected event could originate from anywhere in the
sample volume. (C) For single photon imaging,
physical collimation can be used to absorb all pho-
tons except those that are incident on the detector
from one particular direction (in this case perpen-
dicular to the detector face), defining a line of
origin just like the coincident 511-keV photons do
following positron emission. To achieve this local-
ization, however, the radiation from the majority of
decays has been absorbed and does not contribute
to image formation, leading to the detection of
many fewer events for a given amount of radioac-
tivity in the object. Absorptive collimation of this
kind is the approach used in planar nuclear medi-
cine imaging and in single photon emission com-
puted tomography (SPECT).
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Coincidence Events
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Detected True Coincidence Event
True Event Lost to Sensitivity or Deadtime
True Event Lost to Photon Attenuation

S

Scattered Coincidence Event
5a,b. Random Coincidence Event
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oincidence Even

True Coincidence Scattered Coincidence

N,

FIGURE 22. |llustration of the four main coincidence event types. A: True coincidence.
Both annihilation photons escape the body and are recorded by a pair of detectors. B:
Scattered coincidence. One or both of the two annihilation photons interacts in the
body prior to detection. This results in a mispositioning of the event. C: Random co-
incidence: A coincidence is generated by two photons ori%inating from two separate

annihilations. These events form a background in the data that needs to be subtracted.
D: Multiple coincidence: Three or mare photons are detected simultaneously. Due to
the ambiguity of where to position the events, these normally are discarded. (Reprinted
from Physics in Nuclear Medicine, 2nd ed, Cherry SR, Sorenson JA, Phelps ME, W.B.
Saunders, New York 1986, with permission from Elsevier.)
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Physical Limits of Resolution

* Positron Range

* Positron will travel a short distance before annihilation
with electron

» [sotope dependent with resolution loss being about 0.5-
2.0 mm
« Angulation

 Because of momentum of positron-electron pair
annihilation photons are not exactly 180° apart

 Loss of resolution is a function of distance between
detectors

« X =d/2 tan (0.25) so for 100 cm diameter loss is 2.2 mm

» Detector Size

* FWHM of “geometrical” resolution 1s half the detector
width
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Positron Range
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Non-colinearity
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FIGURE 4. Error in determining the location of the emitting nucleus due to positron
range (top) and noncolinearity (bottom). The positron range error is dependent on the
energy of the emitted positrons. Moncolinearity is independent of radionuclide, and
the error is determined by the separation of the detectors. The deviation from nonco-
linearity is highly exaggerated in the figure; the average angular deviation from 180°
is about = 0.25%. (Reproduced with permission from Cherry SR, Sorenson JA, Phelps
ME. Physics in Nuclear Medicine, W.B. Saunders, New York, 2003.]

Assuming a Gaussian distribution and using the fact that the angles are small,
the blurring effect due to noncolinearity, A, can be estimated as:

A =0.0022 X D (10)

where D is the diameter of the PET scanner. The error increases linearly as the
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Three types of Imaging

* Planar imaging (a single projection similar to X-ray
radiograph, 2D)
« Single photon emission CT (SPECT, 3D)

* Positron emission tomography (PET, 3D): a research
tool first and now a clinical tool

« Gamma imaging performs a unigue role in medical
Imaging which no other technique can fulfill

* The radiotracer emits y-rays with energies in the
range 60-511 keV



Count Rate

« Sensitivity of a gamma camera
cps/MBQ
 10-50% transmission depending on the depth

* The collimator transmit less than 0.1% of the
incident photons and 1t’s the main factor limiting the
overall detection efficiency of the gamma camera.
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* i%+47 & (Resolution)
« ¥}t (Contrast)
« 3221 (Noise)
* & &7 & (Sensitivity, cps/MBQ)
« 7 32+t (Signal to Noise Ratio, SNR)



Image Reconstruction From Projections

Three general approaches
— Simple backprojection

— Analytical technigues (Nobel prize)
(solution of the inverse Radon transform problem)
Filtered of the backprojection
Backprojection of the filtered projection
(filtered backprojection: FBP)

— Iterative reconstruction technigues



Standard PET/CT Imaging Protocol
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J Nucl Med 2004; 45:255-35S



PET &

Transmission scan Emission scan

Blank scan

{/iiiiiim‘\'\‘\S}‘\

Measure rod intensity Measure transmission Measure emission from object.

with no object present. through the object. E _E
meas ~ “—true

l | emd!
ER 3 1

Correct the emission data.

Smooth and take the ratio. I
Blank/Transmission = e*/md'= ACF E. ve = Eineas X ACF

e-fmou

true

27



Functional
(PET)

Emission Transmission Image Fusion

PET



B ke =

*Matrix (m x n, 256x256)

*Picture element (pixel)

*Image depth (k byte, 1)

*mage storage (m X n X k byte)
(256 X 256 x 1 byte)



PFR T R

* 8 bit=1 byte, 16 bit=1 word

« R IZ B G N 2 Hbyte modeE/Zword modell i &2 B &
* 1 byte=22 bit =256 (0-255)

« 1 word= 216 bit=65536 (0-65535)

* 1 word = 2 byte

fEm G EEEA

Byte mode Less memory, fast Dead time, Low count studies
truncation error,
overflow

Word mode No dead time, no More memory High count studies

truncation
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Digital Image

* A digital image consists of a grid or matrix of pixel
ePixel 2 #c > 8%h 2 ] H =
*R e REFEE &

1k=210=103 ; 1 Mega=2%°=10°

1 Giga=23=10° ; 1 Tera=240=10%



Digital Number

i T gLtk £ F Bpixel count
#ic » 1 % even location

Ex. {13} % L i& ==(1*101)+(3*10°)
o B =(1723)+(0%22)+(1%2Y)+(1%20) » G
¥ 5 L iE-anE £ o Binary numberit £.1011 -
binary numberiz.s > = - & digitalﬁ“%v“' w4 bit -
(# 1 10117&2{4 bit)



Thank you for your attention



