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Abstract

Objective: An indigenous polymethyl metacrylate (PMMA) phantom with a V-shaped slit and a correlated
technique for semi-quantifying the minimum detectable difference (MDD) of single photon emission to-
mography (SPET) via gamma camera scanning are proposed and validated using four radionuclides.
Materials and Methods: Radio-actinide solutions of gallium-67 (“Ga), technetium-99m (*"Tc), iodine-131
("'l) and thallium-201 (*'Tl) were diluted to 11c.c. and thoroughly injected into the continuous zig zag slit of
the PMMA phantom. Either depth or edge of the slit between two lines of the V-shape was customized from
deep or wide to change into shallow or narrow gradually. Thus, the quantified MDD could be easily evalu-
ated, according to the revised Student's t-test evaluation. The revised Student's t-test was calculated by both
full width at half maximum (FWHM) and edge width between two adjacent peaks that were acquired from
the original data matrix of SPET.The derived MDD was indicated as for radionuclide, depth, width in mm: For
“Ga, 2.9, 2.13, for T, 2.5,0.66, for *'l, 4.7, 2.38 and for *'Tl, 3.3, 2.00, respectively. Results: Technetium-99m
had the highest and "'l had the lowest MDD among the four radionuclides. Furthermore, two adjacent pe-
aks of “Ga could be easily identified with fewer counts than for ' Tl (depth, 2.9 vs. 3.3mm), but its MDD was
poorer (width: 2.13 vs.2.00mm). The revised Student's t-test analysis proved to be an acceptable technique
for the MDD identification. Conclusion: The proposed new combination of PMMA phantom with a V-slit
and the revised Student's t-test proved to be instrumental in the MDD of SPET optimization analysis.

Hell INuclMed 2019, 22(1): 49-57 Epub ahead of print: 7March 2019 Published online: 5April 2019

Introduction

0 maintain a high spatial resolution in single photon emission tomography (SPET)

gamma camera image is always a premier task in routine quality assurance (QA) of

nuclear medicine facilities. Further, the quantified minimum detectable difference
(MDD) of SPET is a potent investigative tool in either clinical practice or biomedical rese-
arch [1].In most SPET clinical practices, quality assurance phantoms are usually designed
either as planar lead bars [2], or as a cylindrical container with spherical balls of various di-
ameters [3]. Both are used to provide a comparative imaging for distinguishing the arti-
fact or lesion, since it is a complicated and challenging task to give a quantified MDD in
most hospitals as a routine protocol.

Nevertheless, most optimizations of the imaging quality for gamma camerarely on the
theoretical computation according to various hypotheses. For example, a filtered back-
projection is still a popular adopted method for image reconstruction, which is recom-
mended by some nuclear medicine centres [4, 5]. However, the post-processing of image
reconstruction again depends on the image with bright and sharp quality characteristics
in reality. Some researchers adopted the commercial phantom with a revised algorithm
to develop a quantitative analysis of SPET to optimize the real imaging. For example, Ze-
intl et al. (2010) [6] applied a cylinder phantom to assess the performance of the recons-
tructed image by its consistency and reconstructed image boundaries. Mahsa et al. (2014)
[7] adopted either cold-sphere/hot-background or hot-sphere/cold-background phan-
toms with trapezoidal and triangular approximations to evaluate the imaging quality of
the derived full width at half maximum (FWHM) and claimed the scatter correction effec-
tiveness.

Some researchers have developed indigenous phantoms compiled with an analytical
method to solidify the gamma camera SPET imaging quality. For instance, Scheiber and
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Giakos (2001) [8] used a customized plate phantom with
multiple holes of various diameters to roughly estimate the
distinguishable ability of alesion via two commonly used se-
mi-conductor detectors for measuring gamma rays, CdTe or
CdZnTe.Yeh etal.(2013) [9] designed a planar phantom with
multiple eccentric circles filled with the radioactive solution
for optimizing its imaging quality through the Taguchi ana-
lysis. However, they still used a qualitative analysis. Recently,
several co-authors of the present paper successfully applied
thefirst prototype of aV-shaped water phantom to optimize
the SPET image quality via the Taguchi analysis [10]. The V-
shaped combination of capillaries was placed inside a cylin-
drical container (20cm in diameter, 30cm in height and 9 li-
tersin volume) filled with the radioactive solution diluted to
~58% of the original radioactivity level for simulating the
contrastin clinical examination.

In contrast, a newly developed phantom as introduced in
this study. This phantom was designed for a convenient in-
jection of different radioactive solutions, which is an essen-
tial requirement for clinical radiologists. The planar phan-
tom can be scanned by agamma camerain order to identify
the actual MDD for each specific radionuclide. Such quanti-
fication is considered a top priority in optimizing the gamma
camera imaging quality. Otherwise, any inappropriate jud-
gment of the performing facility may strongly mislead the
optimization. Thus, this study attempts to introduce a rapid
guantitative evaluation of MDD for SPET. The proposed ap-
proach feasibility is verified by the revised Student's t-test
analysis and the regular assessments of the imaging quality
inrealgammascanningimages.

Materialsand Methods

Planar PMMA phantom with V-shaped slit
Unlike most phantoms with a lead bar pattern arrayed at va-
rious distances on a plate [11], or multiple spheres/holes of
various diameters inside a cylinder [12, 13], the proposed
design of a polymethyl metacrylate (PMMA) phantom with
aV-shaped slitensures a cohesion with the revised Student's
t-test analysis. The zigzag array of the slit with a continuous
change of slit depth provides the following gamma-ray ima-
ge under scanning and, thus, the converted data matrix of
SPET can be evaluated for calculating the revised Student's
t-test index. Moreover, the data profile of SPET can be jud-
ged channel-by-channel to ascertain that two adjacent pe-
aks satisfy the 95% confidence level according to definition
of the revised Student's t-test after the conversion from the
original gamma-ray imaging. Thus, the MDD can be quan-
tified as precise as to one-tenth mm rather than providing
an approximate value within 0.3-0.6mm range of the intri-
nsic spatial resolution forreferring in everyday practice [11].
Unlike the original prototype of water phantom has only
one V-shaped slit and difficulty to maintain its reproducibi-
lity in real scanning [10], thus, this added procedures makes
the present work original. The newly Figure 1(A) shows the
precise designation chart of this unique planar PMMA phan-

tom (200x200x18mm?’). The V-shaped slit has the shallowest
depth (1.0mm) at the top right corner that goes deeper
along the slit to the very bottom (5.2mm). The slit width is
designed as fixed 1.0mm along the pathway. It contains eit-
her seven or eightV-shaped triangles on the left and right si-
des, respectively. The bottom edge width varies in the fol-
lowing decreasing order: right bottom (167-134=33mm),
left bottom (150.5-119.5=31mm), left top (24.5-17.5=7mm),
right top (20-15=5mm).Accordingly, for any vertical tangent
line that cuts across both sides of the triangle, one can easily
assess its edge distance by the proportional principle, jud-
ging fromits bottom edge and the distance to the triangular
vertex, insofar as the height of each triangle is fixed at 170
mm (185-15=170mm). The unique feature of the V-shaped
slitis that its top has either a narrow edge between the two
lines or a shallow slit along the line to be scanned by the
gamma camera. Thus, the MDD of SPET is defined by the
quantification of the tangent line from the digitalized image
after the SPET image conversion from the real gamma ca-
merascans.

In contrast to the majority of commercially available pla-
nar line phantoms and test patterns, which imply a lead bar
to create a hot slit/cold background [12], the V-shaped slit
designed in this study provides the hot-line image with the
intense-to-feeble gradation and the wide-to-narrow trian-
gular shape for theimaging quality judgment. The phantom
must be preset to be scanned at the preliminary stage. The
radioactive solution is diluted to 11c.c. and dyed with blue
ink for easier identification; then, it is thoroughly injected
into the phantom deepest part to let the solutionfillinalong
the V-shaped pathway for the gamma camera scanning as
shown in Figure 1(B). The well-packed PMMA phantom is
placed in the middle of sixteen pieces of 1-cm-thick solid
water planar plates and prepared for scanning as seen in Fi-
gure 1(C); thenitis scanned by the gamma camera, whereas
the close-up view of the PMMA phantom and solid water
planar plates altogetheris depictedin Figure 1(D).

Gamma Camera/8-slice CT

This study used a gamma camera/8 slice CT (GE Discovery
NM/CT 670) located at Taichung Armed Forces General Hos-
pital, which involved an all-purpose, dual-detector, free-geo-
metry integrated nuclear imaging camera featuring the ad-
vanced all-digital Elite NXT detector technology. It was furni-
shed with 59 circular photomultiplier tubes (PMT) with the
crystal thickness of 9.5mm inside each of the two adjustable
plates (53x76mm and 6x38mm, respectively). The maximal
field of view (FOV) of gamma camera could be extended to
54x40cm2+0.5mm. The auxiliary CT was preset to the spiral
acquisition mode with the current voltage of 10-440mA and
tube voltages of 80, 100, 120, or 140kV. The focal spot size co-
uld be switched from small (0.7x0.6) to the large one
(0.9x0.9mm) and vice versa, according to the IEC0336 proto-
col [14].

Data collection

Four radionuclides: gallium-67 (¥Ga), technetium-99m
(®™Tc), iodine-131 (*'l) and thallium-201 (°'Tl); was adopted
to evaluate the MDD of SPET, respectively in this study. The
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Table 1. The preset protocol of gamma camera to scan each specific radionuclide in this study. The scan time was preset to let the total counts reach
2.7%x105. Thus, thedifferent activity of every adopted radionuclide made no significant difference to maintain their consistency.

Radionuclide Activity (MBq) Collimator Matrix size  Energy (keV)*peak width Total counts (count)

93.0£13%

“Ga 111 MEGP 256x256 184.0x10% 2.7x10°
300.0£10%

*"Tc 740 LEGP 256%256 140.5£10% 2.7x10°

) 37 MEGP 256x256 364.5+10% 2.7x10°

201 135.3+15% 5

Tl 74 LEGP 256x256 167 5410% 2.7x10

precise setting of the scanned protocol for gamma camera
was preset at Tcm from the surface to the collimator, the col-
limator FOV (54x40cm’) and other parameters are displayed
in Table 1. The scanning time was defined by the total counts
acquired from the real scanning, which amounted to 2.7x 105
counts. Thus, different decay activities of each particular radi-
onuclide held a minimal difference to maintain their consis-
tency despite the detection efficiency changes for various
gamma ray energies. The energy peak width of every radio-
nuclide was preset, according to the default one in the routine
nuclear examination. InTable 1 and hereinafter, LEGP and ME-
GP denote the low-energy and medium-energy general pur-
poses, respectively, of the adopted collimator [15].

O NMICT6M04

Figure 1. (A) the precise designation chart of the unique planar PMMA phantom
(200200 18mm’). The V-shaped slit had the shallowest depth (1.0mm) at the
top right corner then went deeper along the slit to the very bottom (5.2mm). The
width of the slit was designed as 1.0mm along the pathway; (B) the phantom was
preset to be scanned at the preliminary stage, the radioactive solution was diluted
to 11c.c. and dyed with blue ink for easy recognizing; (C) the well-packed PMMA
phantom was put in the middle of sixteen pieces of 1cm-thick solid water plates
and prepared for scanning; (D) the close-up view of the PMMA phantom and solid
water planar plates altogether.

Minimum detectable difference and revised Stu-
dent's t-testanalysis

Most researchers evaluate the intrinsic spatial resolution of
SPET based on the individual FWHM of one peak profile. In
the proposed study, the MDD of SPET is quantified from two
overlapped-peak profiles acquired from a slice of the PMMA
phantom with a V-shaped slit, according to the different
confidence levels of success as defined by Eq. 1. In particular,
it is defined as the minimum distance between two peak
centers via the revised equation from the Student's t-test
with the multiplied constant, 1.96, which implies that the
two peak centers deviated far enough to generate a 95%
confidence level of success[16]:

2 2
X, — X, = 1.96 x J (wami) + (FW;{MZ) (1)

Here X, and X, are the centers of peaks 1 and 2, respectively,
while FWHM is the full width at half maximum of the specific
peak [17]. To evaluate the MDD of SPET via the unique PM-
MA phantom, either the slit depth or the edge of two slits
was changed gradually, to provide the quantitative assess-
ment of its edge width and depth in its original designation.
Moreover, in contrast to the first prototype of water V-phan-
tom [10], the proposed PMMA one features a dark backgro-
und/hotspot from the injected solution, which is closer to
the actual clinical examination conditions. Thus, the MDD
can be readily obtained, according to different confidence le-
vels of success, as depicted in Figure 2.

A narrow FWHM is always preferable for the gamma-ray
collection due to its high reproducibility of the analyzed re-
solution according to detector unique characteristics. As se-
en in Figure 2(A), two peaks can be identified as wholly sepa-
rated; (B) two peaks barely passed the Student's t-test evalu-
ation. Student's t-test is originally defined in order to identify
the difference between two small groups of samples whet-
her this difference reaches 95% confidence level. However in
our revised use, we followed the same definition but repla-
ced the theoretical standard deviation from statistical calcu-
lations by the practical measurement of the FWHM from two
overlapped-peak profiles as criteria to reach the 95% confi-
dence limit, whereas, in Figure 2(C), the two peaks are too
close to be differentiated. Noteworthy is that the criteria of
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passing or failing the revised Student's t-test are quantitative,
since they fully depend on the calculation results, in contrast
to other reports, which are based on the qualitative jud-
gment of radiologists and may involve human factor-indu-
ced errors.Thus, the revised Student's t-test analysis may pro-
vide a more accurate and reliable evaluation of the MDD
byby the quantified calculation [1,6-10].

Twin peaks

relarive nrensiny %
—

P
(a)

Twin peaks

channei no,

(B)

Twin peaks

relative Irtersity %

(C)
Figure 2. The MDD of SPET could be quantified from two overlapped-peak pro-
files; (A) two peaks were recognized as wholly separated; (B) two peaksjust passed
the revised t-test criterion to reach the 95% confidence level, whereas, (C) two pe-
aks were too close to be identified as separated.

Results

Real Gamma cameraimaging

Figure 3 depicts the SPET imagery of four radionuclides; (A)
“Ga, (B) *"Tc, (C) "'land (D) “'Tl; from the real gamma camera
scanning. The data acquisition continued till the total num-
ber of counts collected within the maximal FOV of the gam-
ma camera reached 2.7x105. Thus, various activities corres-
ponding to different radionuclides made no significant
difference from the radiological viewpoint. The quality cha-
racteristics of the SPET imaging depended only on the de-
cay scheme of the specific radionuclide. Technetium-99m
(B) had the best imaging quality characteristics and "'l (C)
had the worst ones, respectively. Almost every line of the
PMMA phantom could be easily identified from the *"Tc SP-
ET imaging, whereas few lines were barely distinguishable
from that of "'l Insofar as the latter radionuclide is mostly
administered for the ablation of thyroidectomy patients in
the routine nuclear examination, the high MDD of *'| SPET is
notamong the top priorities from the clinical standpoint.

Figure 3. The imaging of four radionuclides; (A) “Ga, (8) *"Tc, (C) "'l and (D) “"'TI;
from the real gamma camera scanning.

Conversion of gamma camera imaging results to the
datamatrix
The acquired SPET can be converted to data matrix [350x
350] and then plotted using the Matlab default function
(/imread) for the revised Student's t-test analysis (cf. Eq. 1)
[18]. The converted data matrixes of four radionuclides are
depictedin Figure 4. As clearly illustrated, the color contours
of scanned SPET were plotted on the left side, whereas the
3D profiles were on the right side. The MDD of the SPET for
various radionuclides was explicitly defined as the critical
margin for the tangent line cut across the multiple V-shaped
lines, as illustrated in Figure 5. The revised Student's t-test
was readily passed from the bottom part of the V-shaped
two lines, and then the edge between two peaks became
too small to pass the revised Student's t-test, eventually, fa-
iled to well separate two adjacent peaks (cf. Figure 2(C)).
Each profile of the PMMA phantom was acquired through
shifting the tangent line on the channel-by-channel basis
from the right side to the left margin. As long as each pair of
adjacent peaks in the same profile passed the revised Stu-
dent's t-test analysis, the tangent line was shifted from one
channel to the next profile for the revised Student's t-test
analysis. The survey was continued with marking of the pre-
cise position in the real PMMA phantom till one pair of adja-
cent peaks failed the revised Student's t-test (cf. Figure 4, rig-
ht side part). As clearly depicted in Figure 5, any two adja-
cent peaks along the tangent line were checked thoroughly
by the revised Student's t-test from the acquired data pro-
file. The plots on the left side of Figure 5 corresponding to
thefourradionuclides under study implied precise positions
of two adjacent peaks that passed the revised Student's t-
test analysis (tagged with red arrows, whereas the two adja-
cent peaks that failed the revised Student's t-test are plotted
ontherightside of Figure 5 and also marked with red arrows.
Thus, the MDD of SPET is defined as the true distance bet-
ween two lines in the V-shaped slit with quantified data of
width and depth that can be easily derived from the pro-
portional principle of a similar triangle [10]. The quantified
MDD of SPET is more reliable than that obtained from the re-
ports based on the qualitative judgment of well-trained

Hellenic Journal of Nuclear Medicine °

January-April 2019

www.nuclmed.gr



Original Article

radiologists in the hospital. Figure 6 shows the precise posi-
tions in the real PMMA phantom that passed the revised
Student's t-test analysis for “Ga, *"Tc, *'l and 'Tl, which are
marked in yellow, red, black and green colors, respectively;
whereas the revised Student's t-test analysis results for the
four radionuclides are listed in Table 2. Also, the correspon-
ding MDD of SPET for various radionuclides are indicated in
the first column of Table 2. Unlike the conventional evalu-
ation of intrinsic spatial resolution, the two adjacent peaks
could be precisely positioned on the V-shaped slit once the
revised Student's t-testis passed.Thus, the MDD of SPET can
be quantified as [nuclide, depth (mm), width (mm)]. The res-
pective results obtained in this study are as follows: ["Ga,
2.9,2.13],[""T¢, 2.5,0.66],[*'1,4.7,2.38]and ["'TI, 3.3, 2.00].

Ga-67

Figure 4. Left: the color contours of scanned counts for four radionuclides; right:
the converted 3D profiles for the PMMA phantom with aV-shapedslit.

Discussion

MDD of SPET of four radionuclidesunder study

The *"Tc radionuclide has the highest MDD of SPET and ™'l
has the lowest one among four radionuclides. In contrast,
*'Tl has a higher MDD of SPET (2.00mm) than “Ga (2.13mm).
However, the slit depth verified for *'Tl (3.3mm) is higher
than that of “Ga (2.9mm). This implies that “Ga can be scan-
ned and positioned under lower radioactivity intensity than
*'T], which can be calculated as 100%x2.9/3.3=88%, and still
reliably identify two adjacent hot spots without misjudging
them as a single blurred spot in the real nuclear examina-
tion. Figure 7 shows the close-up view of the SPET imaging
for four radionuclides, where “Ga, *"Tc and *'Tl are plotted
starting from channel 0, while "'l is plotted for the channel
range from 100 to 150.This is done for the further cohesion of
the experimental results with the calculations listed in Table

2. As seen in Figure 7, four pairs of adjacent peaks of different
radionuclides are marked by different colors for their easier
identification. For example, two peak centers of *"Tc are loca-
ted at channels 19 and 27, respectively, with the FWHM of 5
and 6 channels. Thus, the pair of adjacent peaks passes the
revised Student's t-test, according to Eq. 1 (cf. Figure 7, black
line). The first peak center of “Ga is located on channel 22,
whereas “'Tl is on channel 29. This indicates that a lower in-
tensity of “Ga can be identified, as compared to *'Tl, altho-
ugh the distance between two adjacent peaks is wider (21
channels for “Ga versus 19 channels for *'Tl). The MDD of
SPET of “Ga is still superior to that of *'Tl, judging by the
complexity of the identification of two adjacent peaks. In
contrast, the spectrum of 'l is harder to identify. The plot in
Figure 7 only partly covers the actual spectrum of "'l (from
channel 100 to 150). Therefore, the peak center is roughly
recognized as either channel 129 or 136 for two adjacent pe-
aks, while the MDD of SPET is 2.38mm for the 4.7mm deep
slitused in this study.

Pass Fail

Ga-67 Pass (21

{A)1Ga-67

(B) Te-99m

(C)1-131

(y11-200

Figure 5. Any two adjacent peaks along the tangent line were checked thoro-
ughly by the revised Student's t-test from the acquired data profile. The left side of
the four radionuclides implied precise positions of two adjacent peaks that passed
the revised Student's t-test analysis and tagged with a red arrow, whereas the two
adjacent peaks that failed the revised Student's t-test are shown on the right side
withthered arrow too.

Figure 6. The precise positions of the real V-shaped phantom that passed the re-

vised Student's t-test analysis. “Ga, “"Tc, *'l and *"'Tl were marked in yellow, red,

blackand green colors, respectively.
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Table 2. The precise calculation of the revised Student's t-test for four radionuclides, the left side show the two adjacent peaks that passed the
revised Student's t-test, whereas the right side failed the revised Student's t-test.

MDD FWHM\* (FWHM;\*
- xl = s [(TI (P
Pass i 13,2 15 2 Fail 1772 15 2
22 — 43| =196 % |[— — 5—42.5| = 1. - o
“Ga | | '(2) +(2) 2.5 42.5| 19“\]'(2) +(2)
Depth:2.9
w?dpth;z_w [—21] = 1.96 x ¥56.25 + 42.25 |-20] = 1.96 x ¥72.25 + 56.25
21 = 19.45 20=22.2
Pass f52 612 Fail fﬁz g1\ 2
m 19—-27| 2196 % ||= - 18— 26| = 1.96 x |[= -
“nTe | | \Jl(Z) +(2) | | J(Z) +(2)
LA |-8| = 1.96 xV6.25 + 9 |-8| = 1.96 x VO + 16
8 = 7.65 8=98
Pass f 32 6 2 Fail m
I [129 — 136] = 1.96 x dl (E) + (5) [134 — 138| = 1.96 % \J| (E) + (E)
%?35253.'53 |-71 = 1.96 x v2.25+ 9 |—4] = 1.96 x V& + 1
7 = 6.57 4 =438
Pass 13,2 1402 Fail 1442 1332
20— 48| =196 x |[— — 20— 47| =196 % |[— =
201T| | | \||(2) +(2) | | ,J(Z) (2)
3\,?53,‘52_'30 |—19] = 1.96 x V42.25 + 49 |—18] = 1.96 x V49 + 42.25

19 = 18.7

18 = 18.72

precise plot of SPECT imaging

40

Figure 7. Four pairs of adjacent peaks of different radionuclides were marked by
different colors for easy differentiation: *"Tcin black, “Ga in red, *'Tlin green, and
“linblue.

The advantages of MDD over FWHM of SPET

In contrast, the conventional definition of intrinsic spatial re-
solution of SPET [10], the MDD of SPET used in this study is
more focused on the identification of two adjacent peaks
that are separated and confirmed over the 95%-confidence
level. As seen in Table 3, FWHM for either peak 1 or 2 has few-
er channels than the actual number of channels between the
center of peaks 1 and 2 for the four radionuclides under stu-
dy. This is because that the preset confidence level for provi-

ding an excellent recognizing ability is 95% or higher. Thus,
two peaks need to be distinctly separated to satisfy the crite-
rion of MDD of SPET. For example, for “Ga radionuclide, FW-
HM amounts to either 13 or 15 channels, whereas that bet-
ween two peaks centers has to reach 21 to pass the revised
Student's t-test. Furthermore, it is implied as 2.13mm at the
2.9mm-deep slitin the actual PMMA phantom, according to
the triangle proportional principle. The similar pattern for the
remaining three radionuclides listed in Table 3 reveals that
the revised Student's t-test is more instrumental than the
conventional definition of the intrinsic spatial resolution for
SPET. It is beneficial to determine the difference between
two adjacent peaks rather than to represent an isolated peak
with narrow FWHM in SPET. Nevertheless, the revised Stu-
dent's t-test analysis compiles three essential variables, na-
mely, two FWHM values of two adjacent peaks, and the dis-
tance between two peak centers. Moreover, the revised Stu-
dent's t-test analysis is more applicable to practical situations
in the clinical diagnosis than the conventional intrinsic spa-
tial resolution defined only by a single peak of SPET. For
example, as clearly depicts in Figure 8, the high MDD of SPET
can effectively intensify diagnosis of deep vein thrombosis
(DVT) syndrome for patient undergone *"Tc-MAA venogra-
phy examination The precise distribution of posterior/anteri-
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Table 4. Theessential information of derived FWHM or MDD quoted from previous contributions and this study as well.

The distance

. . Given activity . from the surface FWHM MDD
Ref. Radionuclide (MBq) Source pattern  Collimator to the collimator  (mm)  (mm)
(mm)
[6] *"Tc N/A Voxel size LEHR 100 7.4
0.66mm
[11] “Co N/A 0.3mm slit 1-mm 10 ~0.6
pinhole
[19] *"Te 2.18 Line source 1-mm 30 2.8
pinhole
[20] *"Te 1.1 Quadrant bar No N/A 4.5-5.2
phantom
[21] “Na N/A 0.3mm point N/A N/A 1.81
[22] *"Tc 37 0.03mm slit 2-mm 28 0.34
pinhole
| 37 0.27
[23] *"Tc 1.85 1mm slit LEHR 100 14.4
This study
“Ga 111 PMMA phantom MEGP 80 1.00, 2.13
with 1.0mm V- 1.14
shaped slit
*"Tc 740 LEGP 0.41, 0.66
0.50
Rl 37 MEGP 1.02, 2.38
2.04
|| 74 LEGP 1.37, 2.00
1.47

ortibial veins can be easily identified via an optimal preset of
gamma cameraimagingacquiring system[9, 10].

Table 3. The channel and corresponded real edge width or slit depth in
the unitof mm fortwo adjacent peaks that pass the revised Student's t-
testin thisstudy.

P FWHM) - FTTY  cnannel depth
channel/mm mm /mm (mm)
“Ga  13/1.00 15114 21213 29
"Tc  5/0.41 6050 8066 2.5
oy 3/1.02 6204  7/238 47
| 13/1.37 14/1.47 19/2.00 3.3

The definition of a revised Student's t-test can also be sim-
plified by omitting the constant equal to 1.96in Eq. (1) calcu-
lation. However, this simplification may result in the confi-
dence level reduction to 68%, which would be detrimental
for the proposed method reliability. For the comparative
analysis of the gamma camera FWHM or MDD of SPET obta-
ined in similar studies, the detailed information from rele-
vant reports is compiled in Table 4. As depicted, a precise
FWHM is controlled by two factors: radioactive source pat-
tern and unique designed collimator. For example, fine so-
urce pattern (with either 0.3 or 0.03mm slit) can eventually
yield FWHM of 0.27-1.81mm via 1- or 2mm pinhole [11, 21,
22].Theresults were mostly obtained from either theoretical
simulation or academic research. However, only a few of
those reports were focused on the distinguishable ability of
two correlated spots on the scanned imaging from a prac-
tical survey. In contrast, the dominant feature of gamma ca-
mera scanning in a clinical nuclear examination is to identify
the distribution of the administered radionuclide solution or
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to inspect the metabolic mechanism, according to the deri-
ved biokinetic model of patients. Thus, a high MDD can effec-
tively ascertaining the lesion or artifacts from a clinical view-
point.

e (» a\ &
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\ /
| |
: " & ;

99m:

Figure 8. Patient undergone ~"Tc-MAA venography examination with significant
deep vein thrombosis (DVT) syndrome. The precise distribution of poste-
rior/anterior tibial veins can be easily identified via an optimal preset of gamma ca-
meraimaging acquisition system

To effectively apply the proposed PMMA phantom, the
protocol of gamma camera scanning should be set into the
scan-and-stop mode by acquiring the gross count to a fixed
amount (ex. 2.7x105 in this study). This figure is appropriate
for practical measurements, insofar as too long or too short
counting time may (1) cause too dark or too light backgro-
und of all gamma-ray images that would interfere with the
post-analysis of SPET; (2) mislead the real gamma spectrum
performance. Since each radionuclide has its unique decay
gamma-ray spectrum, the detection efficiency is also chan-
ged in the actual measurements. Either excessive or insuffi-
cient counting time may promote the Compton scattering
to interfere the main peak of the specific gamma-ray, whe-
reas the gamma camera scan-and-stop mode acquired by
presetting gross counts can suppress all potential uncerta-
inties and result in a uniform distribution of the radio-acti-
nide solution along the zigzag path with assigned gross co-
unts. This is essential to minimize the intrinsic interfering in
real scanning.

In conclusion, an indigenous PMMA phantom with a V-
shaped slit and correlated technique for quantifying the mi-
nimum detectable difference (MDD) of single photon emis-
sion tomography (SPET) of four radionuclides (*Ga, *"Tc, "'l
and *'Tl) via the gamma camera scanning was proposed in
this study. The unique designation of the proposed PMMA
phantom allows one to efficiently evaluate the MDD of SPET
and provide the quantified information for the comparative
analysis. Accordingly, *"Tc and "'l had the highest and low-
est MDD among the four radionuclides under study, where-
as “Ga or Tl had the optimal imaging characteristics in
identifying two adjacent peaks with shallow or narrow slits.
The design of the newly developed planar PMMA phantom
implies a gradual variation of the slit depth, which yields
more reliable quantitative assessment of its width and dep-
th. This feature makes it lucrative for the quantitative ana-

lysis of MDD for SPET imaging of gamma camera. Thus, the
proposed new combination of PMMA phantom with a V-slit
and the revised Student's t-test proved to be instrumental in
the MDD of SPET optimization analysis.
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