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The Evaluation of Images with Various Filters in 1-131
SPECT/CT
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Purpose: After I-131 therapy, SPECT/CT is useful in identifying location of thyroid remnants and metastasis of
thyroid cancers. An excessive uptake of thyroid leads to a ringing artifact in the SPECT images. The aim of this
study is to investigate and suggest a proper post filters to remove ringing artifact and produce better image
quality. Materials and Methods: A low-cost, customized thyroid-mimicking phantom, consisting of an acrylic
bottle and a hollow sphere was used for SPECT/CT Discovery (GE Healthcare, USA). It was filled with I-131
solution. The ratio of hollow sphere to background were varied as 50:1, 200:1, 1000:1 and 4000:1. Acquired
images were reconstructed by OSEM (2 iterations, 10 subsets) with and without Evolution (resolution recovery
correction, GE). Three different post-filters were applied; Butterworth (cut off: 0.38 to 0.58 with intervals of
0.05), Hanning (cut off: 0.8 to 1 with intervals of 0.05) and Gaussian (FWHM: 3 to 5 with intervals of 0.5) filters.
Contrast, background variability, air area variability, and full width half maximum (FWHM) were compared.
Results: Higher contrasts were obtained from the SPECT images with Evolution than without Evolution. In the
case of images without Evolution, image distortion such as star artifact was generated. For all sphere-to-
background ratio, the Butterworth filter showed better constrasts and FWHMSs than other two filters, but the
ringing artifact was still generated in all studies except 50:1 and it was decreased as cutoff value was increased.
The ringing artifact didn't appear with Hanning and Gaussian filters at all studies, however constrats and
FWHMs with Gaussian was worse than Hanning filter. For the images having ringing artifacts, the background
variability and air area variability were increased. Conclusion: In this study, we suggested that it is desirable to
use Hanning filter when the ringing artifact is generated and to use Butterworth filter when ringing artifact is not
generated in [-131 SPECT. (Korean J Nucl Med Technol 2014;18(1):62-68)
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Fig. 1. This is a Hollow sphere which is removable and fillable
(Diameter: 9.9 mm, Volume: 0.5 cc).
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Table 1. Dose ratio

Sphere dose (Bq) BKG dose (Bq)

4000:1 9.25x10 2.359x10
1000:1 2.31x107 2.359x10
200:1 0.46x107 2.359x107
50:1 0.12x107 2.359x107
Fig. 2. A customized thyroid-mimicking phantom consisting of an
acrylic bottle and a hollow sphere was used for this study.
Table 2. The values of three different post-filters divided into 5 steps each
Filter values
Butterworth (Cut off) 0.38 0.43 0.48 0.53 0.58
Hanning (Cut off) 0.8 0.85 0.9 0.95 1
Gaussian (FWHM) 3 35 4 4.5 5
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Fig. 3. Percent contrast for each hot sphere j.
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Fig. 4. Percent background variability for sphere j.

Table 3. The results of Contrast ratio with Butterworth filter
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Fig. 5. The Line profile using E.cam software.

Dose ratio Contrast ratio (Butterworth filter)
E 0.31 0.37 0.42 0.45 0.49
4000:1
NE 0.20 0.21 0.22 0.23 0.23
E 0.86 0.97 1.06 1.11 1.15
1000:1
NE 0.58 0.43 0.43 0.38 0.34
E 0.59 0.43 0.43 0.38 0.34
200:1
NE 0.40 0.28 0.28 0.24 0.23
0.1 E 3.79 4.06 4.22 4.32 4.38
' NE 2.88 3.04 3.12 3.14 3.16
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Table 4. The results of Contrast ratio with Hanning filter
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Dose ratio Contrast ratio (Hanning filter)

E 0.26 0.28 0.30 0.31 0.33
4000:1

NE 0.16 0.17 0.18 0.18 0.19

E 0.73 0.77 0.81 0.84 0.87
1000:1

NE 0.49 0.51 0.52 0.54 0.55

E 0.52 0.50 0.48 0.47 0.45
200:1

NE 0.37 0.36 0.35 0.33 0.32
5.1 E 3.40 3.50 3.59 3.66 3.73

) NE 227 2.63 2.68 2.72 2.76

Table 5. The results of Contrast ratio with Gaussian filter
Dose ratio Contrast ratio (Gaussian filter)

E 0.23 0.18 0.15 0.12 0.10
4000:1 .

NE 0.14 0.12 0.10 0.09 0.08

E 0.65 0.55 0.46 0.39 0.33
1000:1

NE 0.43 0.38 0.33 0.29 0.25

E 0.51 0.54 0.54 0.53 0.52
200:1

NE 0.40 0.43 0.43 0.44 0.43
501 E 3.04 2.76 2.50 2.28 2.09

' NE 2.35 2.15 1.98 1.82 1.68

“E: Results with Evolution.
"NE: Results without Evolution.

ratio 7P 9319 th. Gaussian filter®] 73 ringing arti-
fact7} EFAY 3R = QFA|HF contrast ratiox} FWHMZ} o) A
Azgh s g ¥ & AUTHEg 6. AanE o
Background®] H|S-S 1000:12 Q%@- oJAro] Axt=
4000:19] 7-9-9F AR ghe A& 4= AT 4000:12] 7
29} njz7A| £ butterworth filterS 2-83F 72 7 =
2 contrast ratios WEFJ SO} ¢JA3] ringing artifact=
SRS ik whebA] background variability= o] &3] =7
Lebg g 7).

Butterworth filter ARE A] 200:19] 79 ringing artifact
7} 9FAEFL 0 L} 4000:13F 1000:1€] GARATE 71 Z7]7} 7
45kl S# A} Background variability @] Zk= 4000:13}
1000:18] 79} Hls=8i 2] 21 Eelek 4= Qgick Hanning
filterE AR8-38F 7 ringing artifact= WAYSHRA] ottt
Contrast ratio= W&o 2 37}4] filterof| 4] v]S3t 712
el gley FWHMZEo| butterworth filtert} hanning fil-
55} tkFig. 8). 50:19] 79 2= -l
ringing artifact”} WAYSHA] ¢FQkct. Butterworth filterE 2
25F AL 7F =2 contrast ratio®} 7 425 FWHM

o ITio

Zhe U 2lek(Fig 9).

ter 2§ Al -

65

2712 AASE 8-20tF 7o A = butterworth filterS Z-&

SRS M ringing artifact7} WAYSE FAS hanning filterE

292172 1) ringing FA| 7%6% AL gelst 4= 9)
itk E3L butterworth filterS 283192 0 ringing arti-
fact7} HHAISEA] OO A Oof e butterworth filter 5 #]-8-3F

ol 7P =2 9o AL UEhItKFig. 10).

2 =

82 [-131 X8 & 32} SPECT/CT %Atol|A] ringing
artifact7} 2AIE| o] JAro] Ho| trolRof whet o]= Al
517] 9J8) thoFst filterS #g5ho] o W2 Aujge o
o] Holth. 1 Aufol|A] Tholst 4= 9lEo] 1-1319] ZHAA
Qo] AT Aol

+= butterworth filter Z|-& A] contrast

ratiogto] TH2 filtero] H]al| T 7] UhEX| 2} ringing
artifact7} 2HAISEe] oJAto] 9w HARS e 2

%13l hanning filter& A3t 7-9-0f+= ringing artifact”} A|

OI

A=o] o 43 S IS 4 AT Gaussian filter2]
7% contrast ratio2} FWHMS| ZA3lo|A #Azx3t A3E

CreRgiek. wiek 1-1319] ZHabAl 4

A& o] W] oke AL



Holsty|E M8 HM1E 2014

CNR (4000:1)

038 043

[ Butterworth I

048 053 058 08 08 09 085 1 3 35 4 45 5

I Gaussian ]

Hanning

BKG Variability (4000:1)

3500

3000

2500

2000

1500

1000

038 043 048 053 058 03 085 09 095 1 3 35 4 45 5

[ Butter worth I Hanning I Gaussian ]
FWHM (4000:1)
7
6
5
"
3
2
&
0
0.38 043 042 0.53 0.58 0.8 0385 0.9 0.95 1 3 25 4 45 5
[ Butter worth I Hanning I Gaussian ]

Fig. 6. The results from the ratio of 4000:1.
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Fig. 7. The results from the ratio of 1000:1.
2 %
2| & & 1-131 SPECT/CT: 2 734 9x)Eel U A

ol g e Sistol Alfgw W% ] 44
o] A3t 7% HAF ringing artifacto] 9]a}o] L) H
A= ringing artifactE A AsIAL FAte] A& FFFA7]7]
915+ A% postfilere] A8l tiste] Ak T,
H A%L hollow sphere®} of3 8502 FAH phantome

ARg-5}to] SPECT/CT Discovery 670 (GE Healthcare, USA)
Zu| 2 435kt 1-131-8-923 hollow sphereo] 184, 46,



sk 9| 591, 1-131 SPECT/CTOIA Ringing Artifact Z4AZ &

CNR (200:1)

038 043 048 053 058 08 08 09 085 1 3 35 a a5 H

[ Butterworth I Hanning I Gaussian ]

BKG Variability (200:1)

038 043 048 053 058 08 085 08 085 1 3 35 a a5 5

[ Butterworth I Hanning I

FWHM (200:1)

038 043 048 053 058 08 085 09 085 1 3 35 4 45 5

[ Butterworth I Hanning I Gaussian ]

Fig. 8. The results from the ratio of 200:1.
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Fig. 9. The results from the ratio of 50:1.
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Fig. 10. The images reconstructed using proper post-filters.
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