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ABSTRACT

Introduction: The different factors that affect the camera uniformity of Single Photon Emission Computed Tomography
(SPECT) technique have been analyzed including peak shift (%) and window width of energy. The effect of peak shift and
window width on SPECT image uniformity has been investigated using a point source to perform intrinsic flood images.

Methods: The relation between calculated integral & differential Center Field of View (CFOV) and Useful Field of View
(UFOV) uniformity values were plotted with peak shift and window width change. The effects of window width of energy
5%, 10%, 15%, 20% and 25% on SPECT images were investigated using the %*™Tc radioisotope with energy of 140 keV.

Results: Although 0% shift is the optimum peak shift, but in the current research we have found that the data in the range of
0% to 2% peak shift provides result with satisfactory image quality. Integral Uniformity (1U %) and Differential Uniformity
(DU %) values of CFOV and UFOV were noticeably changed with the change of energy window width. In this research, the
optimum energy window width of the images of different flood phantom has been found to be in the range from 15% to
20%.

Conclusion: Finally, 0% to 2% peak shift at 15% energy window width applied on heart phantom provides suitable images
leading to proper diagnosis which conform our findings.

Key words: SPECT; Center field of view (CFOV); Useful field of view (UFOV); Integral uniformity (1U); Differential
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INTRODUCTION

Nuclear imaging techniques involve the use of
scintillation Gamma cameras for diagnostic imaging
of the lung, brain, thyroid, heart, liver etc. with
topographic facilities connected to computer systems
[1]. Baron et al. has reported the need to ensure
consistently high image quality and accuracy using
an optimally chosen standardized protocol [2]. It has
been reported that SPECT significantly improves
contrast over the planer image and has the ability to
separate overlapping structures [3-5].

Single Photon Emission Computed Tomography
(SPECT) and Positron Emission Tomography (PET)
techniques are utilized to perform such diagnostic
imaging. SPECT imaging is preferred to planar
imaging for  situations involving organs with
complex 3D geometry or structure, such as the brain
and heart, and for tumor localization and
characterization [6,7]. SPECT, using a rotating
gamma camera, needs accurate calibration of the
electromechanical components, detection system and
reconstruction software [8-10].

SPECT imaging uses the same radiotracers labeled
with single y-emission radionuclides and, to a large
extent, the same imaging instruments as conventional
nuclear medicine imaging. Hence, the wide variety of
radio-pharmaceuticals, most labeled with **"Tc, can
be used to gather 3D information on the in vivo
function [11, 12] of tissues and organs non-
invasively [6, 13].

Performance measurements of gamma camera and
other tests include pixel size calibration, linearity
measurements, rotational sensitivity, mechanical
alignment, energy distribution and counting rate
capabilities [3, 4]. However, the most sensitive
indicator of gamma camera performance is
uniformity as it is performed on a daily basis as well
as being the principle tool in evaluating the status of
the camera. Most artifacts related to the integrity of
the detector head, computer system and hard-copy
device can be detected on the uniformity image. Ring
or band artifacts are caused by a variety of factors
influencing the counting accuracy of a detector, such
as gain variations, radiation damage to the detector,
and linearity irregularities. Ring artifacts can be very
frustrating at times. Root cause is non-uniformity.
Small non-uniformity can cause ring artifacts. So, if
artifacts are not present on a High Quality SPECT
acquisition then that will assure, SPECT uniformity
is good.

The common sources of artifacts are non-uniformity
in gamma-camera detectors, center of rotation errors,
misaligned cameras on multi-detector [14] scanner
systems, errors in image reconstruction, patient
motion and radiotracer uptake in non-target organs
and attenuation. The best way to avoid these artifacts

is to pay very close attention to the technical factors
of image acquisition, as well as processing away
from attenuation factors [15]. The effects of center-
of-rotation (COR) shift on contrast and spatial
resolution of SPECT systems [16], and shift of
rotating camera-based SPECT system on the
tomography of images [17, 18] have already been
reported.

Two types of uniformity parameters are considered in

SPECT imaging. Among them, the Integral

Uniformity (IU) is calculated as [19],

U (%) :iloo%xw 1)
Max + Min

The maximum and the minimum pixel counts are

found from the smoothed data. On the other hand, the

Differential Uniformity (DU) is calculated as [20],

High — Low

DU (%) = £100% x —.
High + Low

2
The calculation is done for the X and the Y directions
independently.

The Uniformity of SPECT images, both differential
and integral, changes with the change in peak shift
and window width.

In this research, the effects of window width of
energy 5%, 10%, 15%, 20% & 25% and peak shift of
0%, 1%, 2%, 3%, 4% & 5% on SPECT images have
been investigated using intrinsic flood images and
extrinsic phantom flood images. Hence it is seen that
the optimum energy window width of the images of
different flood phantom has been found to be in the
range from 15% to 20% with 0% to 2% peak shift.

METHODS

Source materials and scanner

The radionuclide used to measure intrinsic uniformity
is ®Tc (activity between 20-30 pCi). The gamma
camera used in this study was a dual head variable
angle system, model E. Cam Series manufactured by
Siemens (Model N0.7823946).

System uniformity matrix

The crucial factor, beside the quality of the acquired
images, is the system matrix. Each element gives the
probability of detecting the photon emitted from the
image in the detector. The basis of the system matrix
construction is gamma camera geometry. It depends
on the field of view of the detector point. Assuming
ideal collimation of the beam, this matrix can be
determined using a ray-based or a pixel-based
approach. An alternative to the analytical methods
mentioned is to compute the system matrix using
Monte Carlo simulations. We used the matrix size to
a maximum available value of 1024x 1024.
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Test conditions

In the current research, the total count has been taken
10,000 kcts through all of symmetric 5%, 10%, 15%,
20% & 25% photo peak window width.

Data collection

Data for 0%, 1%, 2%, 3%, 4% and 5% peak shift and
the uniformity values of integral and differential
CFOV & UFOV for window width of 5%, 10%,
15%, 20% and 25% has been obtained. The
corresponding relation between peak shift and CFOV
& UFOV uniformity values has been plotted. It is to
be noted that the data were collected from separate
computer with the help of medical software (Syngo:
SyngoMI VA40B).

Phantom studies

The effect of peak shift on SPECT images has also
been studied using the heart phantom. This study
consisted of using the heart phantom in multi-SPECT
acquisition for different peak shifts (2%, 4% and 6%)
at window width of 15% using the same parameters

hift 0% Peak S

hift 2%

in each acquisition. The acquisition parameter has
also been shown in the Table 1.

Table 1: Acquisition parameters

Parameter Value
Matrix size 1024x1024
Magnification 1
Count rate 10 K counts/s
Rotation type Step & shoot
Orbit type Body contour
No. of views per scan 32
Detector configuration 90°

RESULTS AND DISCUSSION
Effect of peak shift on uniformity

In Figure 1a, clear distinction between hot and cold
areas i.e. bright and dark spots, present an evidence
of the decrease in uniformity with increasing the peak
shift percentage.

Shift 1%

0,

Fig 1. Flood images for different peak shift percentage at window width of (a) 5% (b) 10% (c) 15% (d) 20% (e) 25%.
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There is a discrepancy between hot and cold areas,
shown in Figure 1b offering strong indication on the
decrease in uniformity with the increasing of the peak
shift percentage. That the quality of the image
becomes bad.

In Figure 1c, hot and cold areas i.e. bright and dark
spots, offer a confirmation of little decrease in
uniformity with increasing the peak shift percentage.
Here, differentiation between hot and cold areas is
not clearly visualized in the peak shift range from 0
to 2%, while in the peak shift range of more than 2%
the quality of the image becomes worse, so the
change in the image is clearly observed.

There exists an inconsistency in between hot and cold
areas, as shown in Figure 1d, which is an evidence of
decrease in uniformity with increasing peak shift
percentage.

It can also be shown that the differentiation between
hot and cold areas is not clearly visualized in the
peak shift range from 0 to 2%, while in the peak shift
range of more than 2% the quality of the image
becomes worse, so the change in the image is
evident.

From Figure le, a disparity between hot and cold
areas gives a confirmation of the decrease in
uniformity with increasing the peak shift percentage.

At window width of 5%: Based on data obtained
from the experiment as shown in Table 2, a
noticeable increase in the calculated values of the
uniformity in the peak shift range from 0 to 5% is
evident. Figure 2a clearly shows that the value of
uniformity linearly increases with increase in peak
shift that refers loss of uniformity.

According to the data on Table 3, there is also an
increase in the values of uniformity in the peak shift
range from 0 to 5%, which is also evident from
Figure 2b.

Table 2: The calculated values of integral and differential
uniformities in CFOV & UFQV for 0%, 1%, 2%, 3%, 4% & 5%
peak shift at window width of 5% (Detector 1).

Detector -1
Peak Integ. Diff. Integ. Diff.
Shift CFOoV CFOoV UFOV UFOV
0% 4.97% 3.13% 4.97% 3.10%
1% 7.32% 5.85% 9.79% 7.47%

2% 12.99% 10.29% 16.45% 11.23%
3% 17.64% 13.71% 21.06% 15.84%
4% 23.06% 17.80% 27.01% 18.17%
5% 27.80% 22.67% 34.55% 23.08%

Table 3: The calculated values of integral and differential
uniformities in CFOV & UFQV for 0%, 1%, 2%, 3%, 4% & 5%
peak shift at window width of 5% (Detector 2).

Detector -2

Peak Integ. Diff. Integ. Diff.

Shift CFOV CFOV UFOV UFOV
0% 8.58% 6.29% 9.30% 6.29%
1% 8.96% 6.44% 9.53% 6.44%
2% 9.62% 6.49% 12.80% 6.99%
3% 11.21% 7.64% 14.76% 9.42%
4% 13.07% 8.24% 16.19% 9.88%

5% 14.59% 9.74% 19.13% 12.40%

At Window Width 5% (Detector 1)

0% 1% 2% 3% 4% 5%
Peak Shift % (keV)

—Integ CFOV —— Diff CFOV ——Integ UFOV —— Diff UFOV

(a)

At Window Width 5%b (Detector 2)
25 00%

= B 20.00%

15.00%

10.00% S —

M
s
F

Calenlated Integ. & Diff,

Uniformity(CFOV & UFOY)

0.00%

0% 1% 2% 3% 4% 5%
Peak Shift % (keV)

—Integ CFOV —— Diff. CFOV

Intez UFOV ——Diff UFOV

(b)

Fig 2. The calculated integral and differential uniformities in
CFOV & UFOV (arbitrary units) versus peak shift percentage
(keV) at window width of 5% ((a) Detector 1 and (b) Detector 2).

At window width of 10%: In Figure 3a, Also increase
in values (based on Table 4) of uniformity in the peak
shift range from 0 to 5% can be easily noted,
representing a loss of uniformity.

A small increase in the calculated values according
(shown in Table 5) of the uniformity in the peak shift
range from O to 2% can be easily noted in Figure 3b
representing a loss of uniformity. In the peak shift
range from 3 to 5%, a decrease & a rapid increase in
the integral & differential values in both fields
(CFOV & UFOV), which indicates an instability in
uniformity.
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Table 4: The calculated values of integral and differential
uniformities in CFOV & UFQV for 0,1,2,3, 4 & 5% peak shift at
window width of 10% (Detector 1).

Detector -1

Peak Integ. Diff. Integ. Diff.

Shift CFOV CFOV UFOV UFOV
0% 4.69% 1.91% 5.19% 2.63%
1% 5.89% 4.12% 6.50% 4.41%
2% 12.47% 10.01% 14.69% 11.30%
3% 15.88% 12.63% 19.85% 14.40%
4% 17.50% 14.26% 19.58% 14.26%
5% 21.18% 16.36% 24.15% 17.09%

Table 5: The calculated values of integral and differential
uniformities in CFOV & UFQV for 0,1,2,3, 4 & 5% peak shift at
window width of 10% (Detector 2).

At window width of 15%: The calculated values
found from Table 6, very little increase both integral
and differential uniformities in the peak shift range
from 0 to 2%, can be noticed. Figure 4a shows a
very little loss in uniformity. In the range from 3 to
4%, an increase in the calculated values giving more
loss in both uniformities. In the range from 3 to 4%,
the graph shows a flat curve, however, it indicates
loss in the uniformity. A very small increase in the
calculated values (as shown in Table 7) in both
integral and differential uniformities can be noticed
in Figure 4b in the peak shift range from 0% to 2%,
indicating a little loss in uniformity. In the range
from 3% to 4%, the graph shows a flat curve,
representing little loss in the uniformity. The values
of uniformity increases rapidly in the range of more
than 4% peak shift, which means that the uniformity
becomes worse.

Detector -2 Table 6: The calculated values of integral and differential
Peak Integ. Diff. Integ. Diff. uniformities in CFOV & UFOV for 0,1,2,3, 4 and 5% peak shift at
Shift CFOV CFOV UFOV UFOV window width of 15% (Detector 1).
0% 8.43% 6.67% 8.95% 6.67% Detector -1
1% 8.73% 6.52% 9.55% 6.52% Peak Integ. Diff. Integ. Diff.
2% 8.85% 5.90% 10.23% 6.15% Shift CFOV CFOV UFOV UFOV
3% 9.42% 5.89% 11.46% 6.90% 0% 4.32% 2.17% 4.72% 2.65%
4% 10.46% 7.07% 15.07% 8.33% . . 5 379 - 5 799
1% 4.54% 37% 5.13% 79%
5% 11.81% 7.73% 1577%  8.89% ’ 0 0 0 0
2% 5.81% 4.72% 6.67% 4.72%
3% 8.32% 6.88% 8.76% 6.88%
At Window Width 1026 (Detector 1)
p— 4% 10.43% 7.53% 11.01% 8.44%
E gzs.m%
< 3 20.00% 5% 12.79% 9.90% 14.73% 10.24%
EBE 15.00% T e
3 e e
E %10,00% 7
EE 5.00% e
3§ 0.00% i ‘ y ‘ ;
0% 1% . ;(%sm %3% y e % Table 7: The calculated values of integral and differential
* S uniformities in CFOV & UFOV for 0,1,2,3, 4 and 5% peak shift at
——Integ CFOV —— Diff. CFOV —— Integ UFOV ——Diff. UFOV window width of 15% (Detector 2).
(a) Detector -2
Peak Integ. Diff. Integ. Diff.
At Window Width 1096 (Detector 2) Shlft CEOV CEOV UEOV UEOV
18.00%
£ 1600% 0% 8.22% 5.42% 8.67% 5.72%
2 £ 14.00%
< 9 12.00%
£ 10.00% 1% 8.22% 5.28% 8.96% 5.26%
EE s00% e —
3 g so0% e
ZE 400% 2% 8.96% 5.53% 9.92% 5.87%
£E 2om
S E 000% T - T T T
0% 1% 2% 3% 4% A% 3% 8.16% 6.19% 9.88% 6.17%
Peak Shift % (keV)
—Integ CFOV —— Diff. CFOV ——Integ UFOV ——Diff. UFOV 4 % 8.96% 6.06% 10.94% 6.37%
(b)
5% 9.90% 6.25% 12.39% 8.27%

Fig 3. The calculated integral and differential uniformities in
CFOV & UFQV (arbitrary units) versus peak shift percentage
(keV) at window width of 10% ((a) Detector 1& (b) Detector 2).
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At Window Width 15% (Detector 1)

0% 1% 2% 3% 1% 5%
Peak Shift % {keV)

—Integ CFOV —— Diff. CFOV ——Integ UFOV —— Diff. UFOV

(@)

At Window Width 15%9 (Detector 2)

8.00%

Caleunlated Integ. & Diff.
Uniformity( CFOV & UFOY)

0% 1% 2% 3% 4% 5%
Peak Shift % (keV)

—Integ CFOV —— Diff. CFOV ——Integ UFOV ——Diff. UFOV

(b)
Fig 4. The calculated integral and differential uniformities in
CFOV & UFQV (arbitrary units) versus peak shift percentage
(keV) at window width of 15% ((a) Detector 1& (b) Detector 2).

At window width of 20%: In the peak shift range
from 0 to 3%, a small decrease in the calculated
values found from Table 8, indicating good
uniformity as pointed out in Figure 5a. But a small
increase in the calculated uniformity values in the
range from 2 to 3%, giving bad uniformity. Also, in
the range from 3 to 4%, Figure shows more loss in
the uniformity.

In Figure 5b, a small increase in the calculated values
in both integral and differential uniformities can be
noticed in the peak shift range from 0 to 2%, giving a
little loss in uniformity which is also evident in Table
9. In the range of 2 to 4%, the graph shows a flat
curve, however, it indicates more loss in the
uniformity.

Table 8: The calculated values of integral and differential
uniformities in CFOV & UFQV for 0, 1, 2, 3, 4 and 5% peak shift
at window width of 20% (Detector 1).

Table 9: The calculated values of integral and differential
uniformities in CFOV & UFQV for 0, 1, 2, 3, 4 and 5% peak shift
at window width of 20% (Detector 2).

Detector -1

Peak Integ. Diff. Integ. Diff.

Shift CFOV CFOV UFOV UFOV
0% 4.46% 2.29% 4.74% 2.64%
1% 4.39% 2.05% 4.97% 2.54%
2% 4.31% 2.33% 5.91% 3.76%
3% 4.34% 3.01% 5.20% 3.78%
4% 6.10% 4.05% 7.11% 4.97%
5% 7.83% 5.81% 8.17% 6.73%

Detector -2
Peak Integ. Diff. Integ. Diff.
Shift CFOV CFOV UFOV UFOV
0% 8.57% 5.27% 8.96% 5.35%
1% 8.05% 5.56% 9.52% 5.51%
2% 8.15% 5.59% 8.36% 5.52%
3% 8.43% 5.50% 9.71% 5.50%
4% 8.90% 5.68% 9.68% 6.23%
5% 8.51% 5.51% 9.80% 6.31%
At Window Width 20%% (Detector 1)
9.00%
= 5.00%
& E 7.00%
2 3 6.00% =
é’n> 5.00% - R
= £ 100% — =SS
2 2300% — =
ﬁ; Ezm}% e e
5 2 100%
S E 000 T T T T T |
0% 1% 2% 3% FL 555
Peak Shift 96 (ke
——Integ CFOV —— Diff. CFOV ——Integ. UFOV ——Diff. UFOV
(a)
At Window Width 20% (Detector 2)
12.00%
g g 10.00%
ag
23 8.00%
£Z soom —_——————
T
EE 4.00%
- 2 00%
= E 000% T T T T T !
0% 1% 28 3% 4% 5%
Peak Shift % (keV)
——Integ CFOV —— Diff. CFOV ——Integ UFOV ——Diff. UFOV

(b)
Fig 5. The calculated integral and differential uniformities in
CFOV & UFOV (arbitrary units) versus peak shift percentage
(keV) at window width of 20% ((a) Detector 1& (b) Detector 2).

At window width of 25%: From Table 10 it is evident
that, a little increase in the calculated values of the
uniformity in the peak shift range from 0 to 3% can
be easily noted, indicating a little loss of uniformity
(Figure 6a). In the range from 4 to 5%, there is a
rapid increase in the differential & integral values in
both fields, CFOV and UFOV. Hence, a noticeable
loss of uniformity is to be observed.

In Figure 6b a little increase in the calculated values
(Table 11) of the uniformity in the peak shift range
from 0 to 5% can be easily noted, indicating a loss of
uniformity.
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Table 10: The calculated values of integral and differential
uniformities in CFOV & UFOV for 0, 1, 2, 3, 4 and 5% peak shift
at window width of 25% (Detector 1).

Applied Cases

Thyroid scan: The images of the thyroid taken for
the same patient with different peak shifts 0%, 2%,

Detector -1 . . -
i i 4% and 6% are shown in Figure 7. The images show
Peak Integ. Diff. Integ. Diff. a decrease in the overall activity with a loss in the
0% 4.67% 1.94% 5.71% 2.89%
1% 3.68% 2.08% 5.61% 2.86%
2% 4.44% 2.34% 5.57% 2.57% Ve T
3% 4.49% 2.26% 5.18% 3.08%
4% 4.65% 2.80% 5.29% 2.84%
5% 5.19% 3.20% 6.11% 3.38%
2] 00
Table 11: The calculated values of integral and differential
uniformities in CFOV & UFQV for 0%, 1%, 2%, 3%, 4% and 5% ’ 0% off peak : 2% off peak
peak shift at window width of 25% (Detector 2).
Detector -2 . -
Peak Integ. Diff. Integ. Diff.
Shift CFOV CFOV UFOV UFOV
0% 8.11% 5.38% 8.34% 5.38%
1% 8.17% 5.36% 8.92% 5.36% .
2% 7.98% 5.38% 8.91% 5.09%
3% 8.26% 5.40% 8.86% 5.46% nee il
4% 8.30% 5.15% 8.66% 5.15% Fig 7. °™Tc thyroid scan: (1) 0% peak shift(2) 2% peak shift(3)
4% peak shift(4) 6% peak shift.
5%  8.64% 5.53% 9.12% 5.54% °P () 6%p
The first image shows a normal and uniform tracer
At Window Width 25% Detector 1) uptake pattern opposite both Thyroid lobes with no
T focal lesions i.e. normal morphology and function of
SR the thyroid gland. A decrease in the overall uptake in
Z-,,j4:00% th_e saliva_ry gland§, tt_1yr_0id glanq and _background,
52500 = with no difference in sintigraphy diagnosis are shown
z E“‘“"’“ = — — in the second, third and fourth images.
o 1.00%
3 E 0.00% T T T T T !
0% 1% 2% 3% 4% 3% R R
Peak Shift %6 (leV) Renal scan: Four images of a kidney scan taken for
ROV TR TROY — i DOV — DGOV ttle same ([))atlent \_Nlth Q|ffqrent peak shifts of 0%, 2%,
@ 4% and 6% are given in Figure 8.
At Window Width 25%0 (Detector 2) b i)
10.00%
z g 8.00% e e e ' ‘
E2 soom
i* 6.00% ’ ‘3
iz P
25 400%
iF |
EE 2.00% 0% off peak : 2% off peak
=
S E 000% : - - - B =
0% 1% 2% 3% 4% 5% il =
Peak Shift % (keV)
——Integ CFOV —— Diff. CFOV ——Integ UFOV —— Diff. UFQV .
(b)
Fig 6. The calculated integral and differential uniformities in 4% off peak : 6% off peak

CFOV & UFQV (arbitrary units) versus peak shift percentage
(keV) at window width of 25% ((a) Detector 1& (b) Detector 2).

Fig 8. Renal scan: (1) peak shift 0% (2) peak shift2% (3) peak shift
4% (4) peak shift 6%.
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Different image quality is shown in the scan, which
indicates of change in the tracer distribution in the
kidney.

The first image indicates normal (good and uniform
tracer uptake pattern with normal cortical portrayal);
the second image shows a mild decrease in overall
tracer content which indicates of early diffuse
parenchyma renal disease. The third image shows a
moderate overall decrease in tracer uptake with
moderately decrease in overall cortical tubular
function. The fourth image shows marked decrease in
renal uptake with thin (atrophic) cortex that can be
attributed to chronic parenchyma renal disease with
marked cortical tubular function loss which leads to a
false diagnosis.

SPECT images using heart phantoms: The outer
cavity of heart phantom is filled with approximately
1.5 mCi®*Tc, and then leaves a small residual air
bubble.

The peak shift percentage effect on SPECT images
using heart phantoms shows four rows of vertical
long axis cuts of the heart phantom SPECT study
with 4 peak shifts at window width of 15% as shown
in Figure 9.

IR

0% off peak

2% off peak

4% off peak

® 6000353

6% off peak

Fig 9. Heart phantom SPECT study: (1) peak shift0% (2) peak
shift2% (3) peak shift4d% (4) peak shift6% at window width of
15%.

In the first to third rows, there is a single moderate
sized perfusion defect that shows marked hypo-
perfusion. Images in the fourth row show degraded
quality with exaggerated defect (large area of severe
hypo-perfusion). In addition, the inferior wall shows
rather non-uniform tracer distribution. Nearly the
same views and results are repeated in the different
off-peaks.

CONCLUSION

The effect of peak shift and window width of energy
on SPECT image uniformity is investigated using the

0000353

calculated integral and differential CFOV and UFOV
uniformity values versus the change in both of peak
shift and window width. It is evident that energy
window width plays a prominent role in flood image
uniformity. In conclusion, it can be said that, in
planar and SPECT images, the uniformity and quality
of images are affected by a change of the peak shift
and the effect becomes more pronounced at the peak
shift of more than 2%. Thus, Gamma camera used for
this purpose is recommended to be operated with
peak shifts less than 2% and window width in the
range 15% to 20%, otherwise images with bad
quality and uniformity will lead to false diagnosis.
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