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Comparison of Collimator Choice on Image Quality of I1-131 in

SPECT/CT

Jung Yul Kim, Joo Yeon Kim, Hyuk Nam-Koong, Chun Goo Kang and Jae Sam Kim

Department of Nuclear Medicine, Severance Hospital, Yonsei University Health System, Seoul, Korea

Purpose: 1-131 scan using High Energy (HE) collimator is generally used. While, Medium Energy (ME)
collimator is not suggested to use in result of an excessive septal penetration effects, it is used to improve the
sensitivities of count rate on lower dose of I-131. This research aims to evaluate I-131 SPECT/CT image quality
using by HE and ME collimator and also find out the possibility of ME collimator clinical application. Materials
and Methods: ME and HE collimator are substituted as Siemens symbia T16 SPECT/CT, using I-131 point
source and NEMA NU-2 1Q phantom. Single Energy Window (SEW) and Triple Energy Windows (TEW) are
applied for image acquisition and images with CTAC and Scatter correction application or not, applied different
number of iteration and sub set are reconstructed by IR method, flash 3D. By analysis of acquired image, the
comparison on sensitivities, contrast, noise and aspect ratio of two collimators are able to be evaluated. Results:
ME Collimator is ahead of HE collimator in terms of sensitivity (ME collimator: 188.18 cps/MBq, HE
collimator: 46.31 cps/MBq). For contrast, reconstruction image used by HE collimator with TEW, 16 subset 8
iteration applied CTAC is shown the highest contrast (TCQI=190.64). In same condition, ME collimator has
lower contrast than HE collimator (TCQI=66.05). The lowest aspect ratio for ME collimator and HE collimator
are 1.065 with SEW, CTAC (+) and 1.024 with TEW, CTAC (+) respectively. Conclusion: Selecting a proper
collimator is important factor for image quality. This research finding tells that HE collimator, which is generally
used for [-131 scan emitted high energy y-ray is the most recommendable collimator for image quality. However,
ME collimator is also applicable in condition of lower dose, lower sensitive if utilizing energy window, matrix
size, IR parameter, CTAC and scatter correction appropriately. (Korean J Nucl Med Technol 2014;18(1):33-42)
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Table 1. Collimator specification of siemens symbia T16 SPECT/CT

MELP HE
Isotope Ga-67 1-131
Hole Length (mm) 40.64 59.7
Septal Thickness (mm) 1.14 2
Hole Diameter (mm) 2.94 4
Sensitivity @ 10 cm (cpm/pCi) 275 135
System Resolution @ 10 cm 12.5 13.4
Septal Penetration (%) 1.2 3.5
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Fig. 1. The comparison of Sensitivity (cps/MBq) by collimator
type was performed with point source. The 1-131 point source to
collimator face distance is 0 cm and 10 cm.
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Hot sphere Percent Contrast (QH)
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QH=((CH/CB)—1) (R—1)x100%
Normalized standard deviation (% /NSD)

% NSD=(STD/CB)x100%

CH: The mean intensity in the hot sphere ROIs
CB: The mean intensity in the background ROIs
R: The true sphere to background activity concentration ratio

STD: The standard deviation in the background ROIs
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Fig. 2. Overview of the hot sphere and background ROI (Left). The slice through the center of the spheres of the con-
trast recovery phantom filled with 1-131 is shown. Overlaid are the locations of the lung insert (central red ROI), the
hot sphere ROI (peripheral red ROI), and 11 of the 55 background ROI of the largest sphere (blue ROI). Example of
image distortion of largest hot sphere. Images are central slice of phantom reconstructed using Flash3D method with

scatter correction and CTAC (Right).



Table 2. Reconstruction parameter of SPECT and CT for verification of collimators choice in clinical study

MELP HE
Matrix 64x64
Time per view (sec) 30 or 40 40
Energy Window SEW or TEW SEW
SPECT Rotation Direction Ccw
Number of views 32
Mode Step and shoot
Acquisition Orbit Noncircular
kV 130
mAs 15
CT CAREDose type CARE Dose 4D
Rotation time 1 sec
Pitch 1.2
Slice thickness 5.0mm
Recon type Flash 3D
SEW : 2
subset 2
TEW : 4
. SPECT
Reconstruction . ) SEW : 4
iteration 4
TEW : 5
post filter No
CT Recon kernel B31S medium smooth +

Table 3. The four reviewers subjectively graded image quality of each SPECT/CT data by using a three point scale to grade presence of
artifacts, noise and image sharpness

Scoring  Image Quality and Artifacts Noise Image sharpness

4 Excellent, no artifacts Almost none Clear excellent images

3 Good, some diagnostically irrelevant artifacts ~ Diagnostically irrelevant ~ Diagnostically irrelevant image blurring
2 Average, diagnostically relevant artifacts Diagnostically relevant Diagnostically relevant image blurring
1 Inadequate, marked artifacts Marked Inadequate image with blurring

Table 4. Mean values for the counts/pixel in the ROI of size 37 mm

SEW TEW
Collimator = = 075C () CTAC (1), SC () CTAC (0. SC () CTAC (), SC () CTAC (), SC () CATC (). 5C ()
ME 15.82 52.88 17.97 60.06 14.46 5161
HE 132 42.83 12.89 3891 1111 37.49
z  q Efon HE 227|145 SEW 440 5Saha ¢
CTACH #83h BN 7 & g ASE us
Table 4= SPECT/CT @4told] Wt=s 24517 §1  wich Ea A28 9% Avks Table 50 ek =
o 7FE 237 mm A A G A RS R 2vlel AUAT 28 AARlolxle] B Aol 0 cmol
o} HE 2&7] 2ot MELP 28717t %2 94 & Ales A 76.16%S13L 10 cmol A= 7538 %¢lth MELP 227
Mgw, MELP 227jol4t TEW 302 Sy 7| HE 227)nc 52 wges e,
CTACHF Hgsto] A-A3%h FAolA 7H =2 gk U
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Table 5. Sensitivity of two collimators

Sensitivity (cps/MBq)

Collimator %Difference
0 cm 10 cm

ME 200 188 6.12

HE 47 46 3.04

%Difference 76.16 75.38

Table 6. Total Contrast quality index (TCQI) for true contrast ratio of 4:1

) SEW TEW
Collimator
CTAC(-), SC(-) CTAC(+), SC(-) CTAC(-), SC(-) CTAC(+), SC(-) CTAC(-), SC(+) CTAC(+), SC(+)
ME 39.306 44.563 42.677 47.942 55.732 66.059
HE 119.76 125.21 114.73 190.64 173.9 175.7
SEW_SUBSET SEW_ITERATION
——ME ME_Ac HE —HE_AC ——ME ME_Ac HE —HE_AC
140 140
120 120
100 100
80 80
60 60
40 .//__.—__o 40 o~ P B~
20 20 '/‘/k—#"—"-__ﬁ
0 0
1 2 a 8 16 1 2 3 4 5 6 7 8 9 10
TEW_SUBSET TEW_ITERATION
——ME ME_AC ME_SC  ——ME_SC_AC ——ME ME_AC ME_SC  —ME_SC_AC
HE —e—HE_AC ——HE_SC ——HE_SC_AC HE —e—HE_AC ——HE_SC  —=—HE_SC_AC
T 250
200 200
150 150
100 100
50 50
— 0 =
o 0
1 2 4 8 16 1 2 3 4 5 6 7 8 9 10

Fig. 3. TCQI for hot ROls for reconstruction parameter (subset and iteration) in SEW and TEW.

Table 62 NEMA IEC body phantom®] 67§2] =-2] tjf = TEW dA o2 gE38tal CTACY SCE A-gsfo] A4+

ZXE 3 total contrast quality index (TCQI)E el gt @elA 7H =2 25 UERIA(TCQI=66.059),
o oy 2] A 9 A 2ol Adtgleo] MELP Z<&7]0f HE z&7|o4= TEW A3 o= g5sta CTACT 218
HJ3 HE 2&717F %2 225 YelRlth MELP 257 o YAolA M =2 di2=E UERITHTCQI=190.64).
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Table 7. Noise of two collimators

. SEW TEW
Collimator
CTAC (-), SC (-) CTAC (+), SC (-) CTAC (-), SC (-) CTAC (+), SC (-) CTAC (-), SC (+) CTAC (+), SC (+)
ME 13.36 18.18 22.08 22.56 20.05 18.04
HE 12.89 13.83 15.17 15.37 20.99 16.58
SEW_ITERATION SEW_SUBSET
——ME —B-ME_Ac —A—HE ——HE_AC ——ME —B-ME_Ac —&—HE ——HE_AC
50 30
45
- 25
=3 20
30 — "
25 15
20
i 10
10 5
5
0 0
1 2 3 4 5 6 7 8 9 10 1 2 4 8 16
TEW_ITERATION TEW_SUBSET
——ME ~B-ME_AC  =#=ME_SC  =>=ME_SC_AC ——ME ~m-ME_AC  =A=ME_SC  =>~ME_SC_AC
HE —e—HEAC ——HESC ——HE_SC_AC HE —e—HE_LAC ——HESC ——HE_SC_AC
45 35
40 30
35
25
30
25 20
20 15
15
10
10
5 5
0 0
1 2 3 4 5 6 7 8 9 10 1 2 4 8 16

Fig. 4. Noise for reconstruction parameter (subset and iteration) in SEW and TEW.
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Table 8. Aspect ratio (AR) for hot lesion with 37 mm

g 9 42 |-

131 SPECT/CT &AIQ OIM £F7

_ SEW TEW
Collimator 0, 5C () CTAC (1), SC () CTAC (), SC () CTAC (). 5C () CTAC (), SC () CTAC (). 5C (1)
ME 1.144 1.065 1.134 1.067 1.162 1.094
HE 1.085 1.038 1.048 1.024 1.064 1.039
Table 9. Results of image grading by two collimators choice
Image Quality and Artifacts Noise Image sharpness

ME 1.9 227 2.32
HE 2.52 2.77 2.65
P Value 0.109 0.108 0.102

A B

-

i
s
. I

Fig. 5. Images of I-131 post therapy scintigraphy in 7 day after radioiodine administrate 5.55 GBq (150 mCi). Images on left were ac-
quired using MELP collimators (A), and those on right were acquired HE collimators (B).
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Fig. 6. SPECT/CT images of |I-131 post therapy in 7 day after radioiodine administrate 5.55 GBq (150 mCi). Images on left were acquired
using MELP collimators (A), and those on right were acquired HE collimators.
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