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THE IMPACT OF SCATTERING AND PEAK SPECTRUM OF I-123

IN SCINTIGRAPHY BY 1-123 MIBG
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Metaiodobenzylguanidine (MIBG) scintigraphy is used to image tumors of neuroendocrine
origin and study disorders of sympathetic innervation of the myocardium. Scintigraphic
imaging methods offer the possibility of qualitative and quantitative assessment of tracer
concentration. Accurate correction for the physical degrading factors (attenuation, scatier,
partial volume effects) is demanded. An analytical study of the 1-123 energy spectrum,
scatlering and attenuation contribution to the resulting image ol an [-123 MIBG scintigraphy,
has been undergone, so as 1o improve the data that could be collected by 1-123-MIBG use. In
this work, quantitative data were gathered at various source depths, volumes and crystal to
phantom distances 1o determine the effect of these variables on source activity data. The final
image is being extracted from the combination of three different images, each and every one
being acquired by a difierent energy window. The middle one has been obtained from the
main [-123 photopeak and the others, from the lefi and right peaks respectively. The problem
ol Compton scattering as the dominant photon interaction phcnomenon and its impact on
both the quality of clinical images and the accuracy ol quantitative analysis is taken into
consideration for a scatter modeling in non-uniform media.

1. Introduction

The main objective of the X-ray imaging is the optimization of the diagnostic
procedure for a better image quality/patient dose ratio. The most important
factor affecting the image quality is the scattered component of the radiation
resulting from the interactions of photons within the object being radiographed.
It is therefore of great importance to investigate both theoretical and
experimental scatter data such as scatter fractions, speciral and angular
distributions of the scattered radiation under diagnostic imaging conditions.
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The contribution of the scattered radiation to the image quality has been
estimated by many investigators (Barnea and Dick, 1986 | 1]; Dick et al., 1986;
Chan and Doi, 1983) using the scatter fraction F defined as:

F o= Ny - N, ()

N

where N7 i1s the total number of (scattered and unscattered) photons at the
detector in place and Ny is the unscattered component of Ny Theoretical
investigation of the properties of scattered radiation have
been attempted.

As Compton scatltering plays a key role, we will recall some of its
properties. The Compton Effect discovered in 1923 [2] had served to confirm
the particle (photon) nature of radiation, as proposed by A. Einstein. Thus,
energetic radiation under the form of X- or gamma-rays behaves like particles
and scatter with electrically charged particles in matter [3], [4]. In biomedical
domains, X- or gamma-photons scatter electrons in the biological media they
traverse. More specifically, in classical (Thomson and Rayleigh) scattering, the
scattered radiation has the same wavelength as the incident radiation and no
energy is transferred [5]. In a Compton collision or an mcoherent scatiering
event, energy transferred (o an electron, which recoils from the collision. Since
energy and momentum are conserved, we may analyze the process in detail
using the fig.1.

Let /iv and p represent the energy and the momentum of the incident
photon, /iv” and p° corresponding parameters for the scattered photon. The
momentuin, p, of a photon of energy /v is simply /nv/c. Let the electron recede
from the collision with energy E, momentum ¢, and velocity v. [6], [7]. Since

the electron may have velocity comparable with ¢ it is necessary to use the

relativistic expressions for its kinetic energy and momentum thus:

| | |

) b | - - l i
1 \/ - v /e [

hv — hv!'= EF = m ¢

(2)

Since momentum is also conserved, the sum of the vectors p” and g
must equal p; this means p, ¢, and p” form the sides of a triangle, so that

q::pz~]-(p')l——lpp'cosﬁ (3)
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or we can write down expressions for the conservation of momentum in the
forward direction

hv hv' m v
— = cos & + ==X COS ¢ (4)
c ¢ \/] — p"'/c‘
and in the direction at right angles to give
hv ' . m o, v : (5)
———sin @ = - —x sin @ .
¢ - vi/el
By eliminating v and ¢, the reader may show that:
a (l — cos @
E = hv ( ) (6)
l + a(l — cos &)
; I '
hv' = hv ; (7)
l + a(l — cos @)
where
h v hv(MelV ,
My hv(Mer) @
m ,c - 0,511

The parameter « is the ratio of the energy of the photon to the rest
energy of the electron (, ¢ 2 ). I f the energy of the photon is impressed in

MeV, then ”c2 = (0,511 MeV [7], [8]. By adding the electron energy,

F, to the energy of the scattered photon, /1v" one obtains the incident energy
hv in agreement with the first equation.
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In this work, a preliminary study in Metaiodobenzylguanidine (MIBG)
scintigraphy which is used to image tumors of neuroendocrine origin [9] and
study disorders of sympathetic innervation of the myocardium has
undergone. Scintigraphic imaging methods, generally offer the possibility of
qualitative and quantitative assessment of tracer concentration. Then,
accurate correction for the physical degrading factors (attenuation, scatter.
partial volume effects) is demanded. An analytical study of the I-123 energy
spectrum, scattering and attenuation contribution to the resulting image of an
1-123-MIBG scintigraphy, has been tried to increase and improve the data
that could be collected by 1-123 -MIBG use.

The endmost plan is to maximize sensitivity for a given crystal

geometry, by choosing regions of interest at x -ray gamma and coincidence
peaks. Measurements of source activity were found to be independent of the
Source Volume [10]. Coincidence counting of measuring [-123 is
independent of the counting geometry, the volume and the depth of the
source. Corrections for scattering photons improve image quality.
Several sources of inaccuracy and inconsistency as radionuclide purity have
been shown to affect the quality of imaging, the estimation of uptake
measurements and the absorbed dose of the patient. Depths, position, volume
of the organ are other factors that increase the scattering eftect.
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More than one energy range, in ithe spectrum, scatlering, x-ray, gamma-peak,
impurities' peaks and coincidence peak, were selected to be studied. Aim
was to increase statistics of the data, improve the image of the organ, without
increase of the absorbed dose in the patient.

2. WMaterials and methods

Phantom studies were performed to determine the feasibility of exploiting
the scattering, x-ray and coincidence peaks as well as the low peaks of [-123
impurities. Quantitative data were gathered at various source depths,
volumes and crystal to phantom distances to determine the effect ot these
variables on source activity data.

2.1 Triple Energy Window method [TEW]

In this method the final image is being extracted from the combination of
three different images, each and every one being acquired by a different
energy window. Planar images were acquired by GE tomographic gamma -
camecra.

The middle one has been obtained from the main [-123 photopeak and the
others are from the left and right peaks respectively. Many different window
widths have been proposed. The most useful configuration is a 20% central
window with a 10 keV upper and lower sub windows, as proposed by ref.
[11].

When the counts on lower, central and upper window are defined as CL, CC,
CU, and the corresponding widths as WL, WC and WU respectively then the
corrected image can be written as:

C CL CU, WC

s =CC 9
corrected (WL WU) 7 (9)

As it is shown from the former formula, the counts of a trapezoid inside
the photopeak are being estimated. Furthermore the counts of this trapezoid
can estimate the Compton contamination of the photopeak (figure 2).
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Figure2. This is a schematic representation of the 1123 triple energy window [TEW] method.

2.2 Spectra Simulation

A simple Monte Carlo code was developed to simulate Compton scattering.
The energy spectra can be assumed that consists of the main peak photons
and the summation of the sequentially scattered photons [13], [14].

F(E,,E)=W,-P(E,,E)+ ) W,F,(E,,E) (o)

where 7 determines the Compton scattering order and P(E,E) is the energy
spread function of the gamma camera at energy E,,
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which, can approximated be expressed by the Gaussian form of
2
—41n2(E - E,)
R iy

Where, R is the energy resolution of the y-camera.

P(E,,E)=cexpl 12 an

Compton scattering was simulated by Klein-Nishina cross section
formula [6], [14] and an analytical form for the incoherent scatlering factor
[15], [16], which is widely used in many Monie-Carlo codes. No
photoelectric absorption was simulated, due to the high probability of the
Compton effect.

In this work, the scattering part of the spectra has been simulated by the [irst
six scatter spectra. The spectrum consists of 512 discrete energies, which
makes satisfying a simulation of 100000 initial events.

Furthermore the best it of this ideal spectrum was estimated, by
optimizing ol the Wi parameters of the equation (10) making possible the
estimation of the scattered photons in the photopeak.

3. Results
3.1 Image analysis
image processing at the scintigraphic images of a 5 years-old girl, were

undergone using the TEW method. Contrasts of background and kidney as
well as heart to kidney ratio (HKR) were calculated (figure 3 and 4).
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Figure3. Images of 1-123-MIBG acquisitions ol a patient a] before and b] afier TEW method
application. Heart 1o kidney ratio (HKR) calculation.

Figured. Images ol low ¢] and upper d] energy window acquisitions of a paticnt injected by 1-123-
MIBG

Conirast, defined as 100 %*(Bg-ROI)/Bg), is improved from 42% to 72%
and HKR from 3.56 to 4.48.

3.2 OQuantitative analysis
The ratio of the total counts of the spectrum to the scaltered counts (TS) in

the width of the used photopeak window has been calculated in order to
quantify the Compton counts in the photopeak and the total effect of it, as
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well as. Background has been subtracted in both methods. No events from
the 689 keV:(1.4%) peak have been simulated, as mentioned above. TEW
method estimates TS of 2.15 while the simulated data estimate TS of 7.69.
Figure5 shows the calculated spectrum. (measured, simulated, photopeak,
total scatter and scattering components)

a5 ¥ T 1 i T T T
— o — Maasurad Spectium
Simulated Spectrum
08B} Tetal Scatter
— -— -~ Photopeak
o7} B
""""" Scallering
sl = ElYs | components
S 05 -
8]
al
=
= 0.4 ~
o
0.3} &
0.2F <
0.1k E
n I- .’_- k R _':v:.:.:._.;:‘"-:“ . L - -':.' X L o o5 PN .-.“-.:.‘ R o B
0 50 100 150 200 250 363 350 400

Energy (keV)

Figure5. The spectrum as has been calculated (measured and simulated)
4. Discussion

As several sources of inaccuracy and inconsistency as radionuclide purity
have been shown to affect the quality of imaging, the estimation of uptake
measurements and the absorbed dose of the patient, it is of crucial
importance, for us to be able to quantify them, in order to eliminate the
negative effect at the resulting image.
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Accurate correction for the physical degrading factors (attenuation,
scatter, partial volume effects) is demanded [17)]. Depths, position, volume
of the organ are other factors that increase the scattering effect. Thus,
corrections for scattering photons improve image quality and are supposed to
be obligatory.

By increasing statistics of the data, we could improve the image of the organ,

without increase of the absorbed dose in the patient, which is the ideal
outcome.

This was an analytical study of the I-123 energy spectrum, scattering and
attenuation contribution to the resulting image of an 1-123 MIBG

scintigraphy, as an attempt to increase and improve the data that could be
collected by 1-123-MIBG use.

5. Conclusion

We obtamed preliminary evidence that the quality of the image is, by far,
better and more accurate, when we choose the specific energy windows, with
the triple energy window method, which was analytically described in this
work. The further analysis, which is going to give the final touch in the final
image, is under investigation.
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