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Nuclear Medicine

® Planar Scintigraphy:
Imaging of Metabolism




Bone Scans with 2°mTc-MDP
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Using the Dynamics: Kidney Function

Z0 MIN.
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The Tomographic Approach

Projections of
activity-distribution A(x,y)

Activity-distribution

Rotating gamma-camera .
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The Tomographic Approach

Three SPECT projections
angled by 120°

Reconstructed
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Image Reconstruction:
Backprojection of the Measured Projections
and Superposition

*Projections of

Activity Points
IN= ’




Filtered Backprojetion

Backprojection Reconstructed

object
P(r,a0) I] H
/v
Filtering with

ramp function




Analytic Reconstruction by Algebraic Reconstruction by Iterative
Reprojection and Superposition Solution of a Matrix Equation
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Analytic Reconstruction by Algebraic Reconstruction by Iterative
Reprojection and Superposition Solution of a Matrix Equation

Initalization
= Homogenous Distribution

Calculation of
theoretical projections by
forward projection

Next iteration with calculation
of improved image
Pn
z
S A

amn+l = amn

Difference between
theoretical and measured
projections ?

| yes

Image of activity distribution ok !!
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Requirements to Images

® Optimal Resolution

® Minimal Artifacts




Viewing Single Photons
with a Gamma Camera
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Scintillation Detector and Gamma Camera

Probe Detector Gamma Camera
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Collimation

from
high sensitivity

0 0 AT

Forschungszentrum Jiilich .



Collimation and Multiple Head Camera
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Projection Equation for SPECT

Pe =/ A(xy) * exp(-]u (xy) dr) di

-~

Term of attenuation not
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Absorption Artifact in Heart-SPECT

without

Attenuation
correction
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Attenuation Correction before Reconstruction

(pre-processing)
(Sorensen, 1971; Larsson,1980)

Prerequisites:

«Conjugate measurement:

Geometric mean
of opposite projections

‘Homogenous attenuation
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Attenuation Correction after Reconstruction

(post-processing)
(Chang, 1978)

® Reconstruction of projection data recorded over
360°

® (Calculation of correction matrix:

1< —uL; (x,y,0) E
K(x,y)= Mze ’
i=1
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Inclusion of Attenuation Correction
into the lterative Reconstruction

pmeas

Xt =xiyw

pcalc

Y,
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Calculation of Attenuation Map
Using a Transmission Scan by CT

Emission Scan CT Scan
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Measured Attenuation at 140 keV:

Using Transmission Sources
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Determination of Attenuation

- External Radiation Source

-true measure of patient-specific
attenuation

- CT approach to measure density
distribution within patient
- Unique lterative Pre-
Correction

- convergence achieved faster than
conventional approaches

-improved accuracy over conventional
filtered backprojection

153Gd (103keV) SIEMENS
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Profile* Attenuation Correction by SIEMENS

Correcte
CEaqual Folamman
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Single Photon Emitters Used for SPECT

Radionuclide Gamma Energy Half-life
(keV) (h)
ite 140 6.1

123] 159 13.2
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Three SPECT projections
angled by 120°

The rotation of a SPECT camera may last for many minutes.

During the rotation the distribution of the SPECT tracer must

(“\

0

0 10 20 30 40 50 60
Zeit (min)
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SPECT: Myocardial Perfusion with 2°'TI-Chloride

oo OO0

Ischemia



Diabetes: Disturbed Cardial Autonomic Innervation

\ 123 MIBG: 7‘ '\

Receptor

99mTc-MIBI:
Blood Flow

Forschungszentrum Jiilich .




Automatic Determination of the Heart Ejection Fraction
with °mTc-Sestamibi-Perfusion-SPECT

Diastole Systole

Anterior Anterior

Inferior Inferior
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Cerebral Perfusion with °m"T¢c-HMPAO

Normal Malignant Tumor
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Cerebral Perfusion with 123l-IMP

—C— Braoin tissue activity

~——#-— Whole blood activity
—*— Metabolite-corrected

(ml/g/min)

Ky using IMP-SPECT

{n=40)

.......... S 0. 0.2 0.4 0.6

20 30 40 50 60 rCBF using O-15 water PET
Time after i.v. iniection (min) (ml/g/min)

Yokoi et al., JNM 1993
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Dopamine Transporter: 123|-R-CIT
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Morbus Parkinson

Striatum

Stiffness

Stiffness

Substantia nigra

Parkinson's Disease Normal
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SPECT Imaging in Parkinson's Disease

early PD, advanced PD, healthy control Dopamine-

age 63 yrs age 62 yrs, subject Transporters
disease duration 1 yr disease duration 12 yrs
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Focus of Seizure

Perfusion SPECT
with

9¥mTc-ECD
j or

Postictal SPECT Interictal SPECT ESl 123 unPAQO

O‘Brien, Neurology,
1999, 137pp

Hvpoperfusion

SISCOM
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Hyperperfusion
SISCOM




Imaging of Brain Tumours with
123].o.-methyl-tyrosine ('231-IMT)

Brain Tumor

IHI—Q—Meﬂlyltymsin SPECT MRI (T2-weighted)
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Imaging of Brain Tumours with
123]-.2-jodo-tyrosine (1%31-2IT)
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Keyrarts, EJNMMI,
2007, 994pp
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Regional Ventilation of Lunge:
dynamic SPECT with 133Xe
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Combined Ventilation/Perfusion SPECT of
Lunq W|th 81mKr and 99mTc-MAA

Superimposed
. . With CT by
? '- software
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Bone SPECT with **™Tc-MDP
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Dual Isotope SPECT
with Model-Based Crosstalk Compensation

80000 |
¥MTe spectrum

Du, Tsui, amd Frey, Med Phys. 2007
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SPECT/CT

http://www.medical.siemens.com
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Highlight Lecture SNM-Meeting 2012:

SPECT/CT is increasingly becoming the standard of
care over simple planar imaging for many
clinical nuclear medicine imaging applications.
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SPECT/CT

Philips: BrightView XCT
Siemens: Symbia
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SPECT/CT with ["*'lJnorcholesterol
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D. Bailey, EJMMI, 2007, 1415pp ‘
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SPECT/CT with [**™Tc]nanocolloid

for Sentinal Node Imaging in Prostate Cancer

SPECT/CT

Vermeeren L et al. , J Nucl Med 2009
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SPECT/CT with [1231]

Vercellino L et al. , EJNMMI 2011 Forschungszemmmmich



SPECT/CT with #¥™Tc-MDP




Animal Multipinhole SPECT

Beekman, EJMMI,
2007, 151pp
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Thank you

Institut fir Medizin
Forschungszentrum Jilich




Appendix
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What about

Quantitation




To quantify radioactivity using
SPECT
you must do

scatter correction




Very Simple Scatter Correction

SF = (1 — exp(-pl)) / pl

Use p=0.12 cm-’
instead of 0.154 cm-!,
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Scatter Correction Using a Double
Window Method

Energiespektrum NaJ

—-— Gesamtzihlrate
s UNgestreute Ereignisse
» « comptongestreute Ereignisse

2000

1500 -

Pkorr = Prp .k * PCompton

Zahlrate {cpm)

1é0
Energie (keV) Problem:

Shape dependency
Jaszczak et al., 1984
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Gesamtzahlrate Scatte r

| — treute Ereigni i
200 : ::rif;;::eestr;ﬂtinlEiseiegnisse CorreCtlon
Using a Triple

Window Method

1500 -

1000 -

Pkorr — PII — (PI - k PIII) + PIII

Zahirate {cpm)

>

Less shape dependency

130 140 150
Energie (keV)

Sonnenberg et al., 1995 institut ir Medizin
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Locally Variable Scatter-Correction

Using the Klein-Nishina-Formula
(Jonsson, 2001)

pscatt = §,+S, = | [ tA(E) - ts*(E) + 2Fm KN(E) ] dE
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