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The Study of Usefulness of Metal Artifact Reduction
Algorithm and Artifacts Caused by Metallic Hip Prosthesis on
PET/CT

Min Soo Parkw, Jun Cheol Hamw, Yong In Cho], Chun Goo Kangw, Hoon-Hee Parkz, Han Sang Lim' and
Chang Ho Leg'

IDepartment of Nuclear Medicine, Severance Hospital, Yonsei University Health System, Seoul, Korea,
2Department of Radiology, Shingu University, Seongnam, Korea

Purpose : PET/CT performed CT-based attenuation correction generates the beam hardening artifact by metallic
implant. The attenuation correction causes over or underestimate of the area adjacent to metallic hip prosthetic
material and change of '*F-FDG uptake. Also, the image quality and the diagnosability on genitourinary disease
are reduced. Therefore, this study will evaluate the usefulness of MAR (Metal Artifact Reduction) algorithm
method to improve the image quality on PET/CT. Materials and Methods : PET/CT was performed by fixing hip
prosthesis in SPECT/PET phantom. In PET images with and Without MAR algorithm, the Bright streak, Dark
streak, Metal region and Background area that appeared on CT were confirmed, and the change of each SUV
(standardized uptake value) was analyzed. Also, in 15 patients who underwent total hip arthroplasty, each MAR
algorithm and Without MAR algorithm and non attenuation correction was evaluated. Results : In PET image
Without MAR algorithm, SUV of Bright streak region was 0.98+0.48 g/ml; Dark streak region was 0.88+0.02
g/ml; Metal region was 0.24+0.16 g/ml, Background area was 0.91+0.18 g/ml. In SUV of PET image with MAR
algorithm, Bright streak region was 0.884+0.49 g/ml, Dark streak region was 0.63+0.21 g/ml, Metal region was
0.06+0.07 g/ml, Background was 0.90+0.02 g/ml. SUV generally decreased when applying MAR algorithm. In
PET image Without MAR algorithm, SUVs of Bright region were higher than those measured in the
Background, and it was false positive uptake. But, in PET image with MAR algorithm, SUVs of Bright region
were similar to the Background, and false positive uptake disappeared. Conclusion : MAR algorithm could
reduce an increase of "“F-FDG uptake due to attenuation correction in the hip surrounding tissue. However,
decrease of SUV in Dark streak region should be considered in the future. Therefore, this study propose that the
diagnostic accuracy can be improved in genitourinary diseases adjacent to metallic hip prosthesis, if provided
PET images with and Without MAR algorithm, and non attenuation correction images at the same time. (Korean
J Nucl Med Technol 2012;16(2):35-43)
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Fig. 1. NEMA (National Electrical Manufactures Association)
PET Phantom™ (NU2-1994). A cylindrical Clear Lucite, Hot
Sphere inserts, and Solid Teflon insert are fixed inside the
phantom.

36

At YA AehS 7H ShAtol| A Het He gt Ak
A CTS 7|¥ko 2 712] HA o] A|g == PET/CT 3

= AlE

Aol A= L F4 AdEe] oJgt A4 3 d/4H(Beam
Hardening Artifact) 22 Qlg-zo] WAYHC) ol 1 7
Qo I =2 A HIHE {Ushe 7‘44 HAgoR
PF-FDGE] A3 #3ts dorm™, Adksg AsA) 7=
ﬂﬂOl ek wpeba] £ Aol 147& AAEo] 2|
o = 015'—‘%9 phantom=S- -$3f @Akl A< 73}

?54* =2 FeEfeh Aol gt a9
A wge Sl We ATHCh ool MAR (Meul
Artifact Reduction) algorithm |54 #of ofst 4832
7ol 2 HOUE U 4 ) FDGA

/\g ]

F

i

210) Wss Zol 3 1Ak Al Q18] Qi vl A4
710} Akole o] 54 Aol dig Q4 A Wt A
W5 olan sfock

Chet o

1. Phantom &3¢

1) NEMA—-1994 PET Phantom

MAR 2§ f-of| w2 SUVeL £ e WSS Yo}
27| 93l NEMA-1994 PET Phantome o823tk Fig. 1).
Phantom Y¥= & 6047 mlo]w, Phantom W*-of= Clear
Lucite, Hot Sphere, Solid Teflon ¥Eo] 1A =]o] It} o]
o vjE WA 4.29 kBg/ml (1.15 pCi/ml), Hot Sphere ¢
= ofol|i= 1649 kBq/ml (442 pCi/ml)7} H|=2 23} 3|4
=3

Fig. 2. A metallic hip prosthetic implant
was fixed to SPECT/PET phantom.
PET/CT scan was performed, and the
artifacts that generated by the metal was
reproduced.
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(Fig. 3), 44] B30 o8 & CTe| 2o T2 80 kvp
HE 140 kVp= Wglsto] A4 A3} @AFY] 7ha WS 9]
3t Phantom A3 Y FTKFig. 4). FAF 714 whileo s
o, MAR algorithm2- |

= Tterations-2 3, Subsets2 80|

Fig. 3. Biograph Trupoint 40 (Siemens Medical System, CTI,
Konxville, TN, USA). For image reconstruction methods,
iteration was 3, subset was 8. Each image was analyzed that
was with MAR algorithm, Without MAR algorithm, and non-
attenuation correction.
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L Paired t-testo]] SPSS W& 17.0& AR&3ich

Fig. 5. (A) was CT artifact image caused by total hip prosthesis,
(B) was attenuation corrected PET/CT image using (A). In Bight
streak and Dark streak regions, the most adjacent to Metal
were B_1, D_1, respectively, and the regions randomly set at
the end of the influence of artifacts were B_2 and D_2. Each
SUV was compared.

Fig. 4. ROIs were drawn on Clear
Lucite, Hot Sphere, Solid Teflon re-
gions from CT image (A) through ac-
quired NEMA-1994 PET Phantom, re-
spectively, and each SUV of W/O
MAR algorithm (B-1) and MAR algo-
rithm (B-2) was compared. (a) is Solid
Teflon, (b) is Hot Sphere, (c) is Clear
Lucite region, (d) is Background.
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NEMA-1994 Phantome ]85} MAR algorithm #-&
5ol wE 3719 sphereof|4|¢] SUVE |l H71st Axt
Clear Lucite g&ofl4 W/O MAR algorithm &-§ AJofl+=
0.17+0.01 g/ml, MAR algorithm #-8 AJoAl&= 0.17+0.26
g/mlF 31, Background FHolA= Z}ZF 0.96+0.04 g/mle}
0.95+0.02 g/ml2 A2 02 §-0|3t SUV 2ol Koz ¢
ert} SFA|9F Hot Sphere@} Solid Teflon < of 4= MAR
algorithm2 832 o= ZHz+ 3.59+0.03 g/mle} 0.00+

Table 1. As a result of comparing SUVs in the 3 spheres
according to the presence of MAR algorithm using NEMA-1994
phantom, when applying MAR algorithm, there were no
significant differences in Background region, however, Hot
Sphere and Solid Teflon regions were statistically significant.

W/O MAR algorithm MAR algorithm p-value
Solid Teflon ~ 0.09+0.01 g/ml 0.00+£0.00 g/ml  p<0.05
Hot Sphere 3.85+0.04 g/ml 3.59+0.03 g/ml p<0.05
Clear Lucite ~ 0.17+0.01 g/ml 0.17+0.26 g/ml  p>0.01
Background 0.96+0.04 g/ml 0.95+£0.02 g/ml  p>0.05

100kVp

Fig. 6. Through the maximum tube voltage of CT used as
attenuation correction was varied from 80 kVp to 140 kVp, the
phantom experiments were conducted for reducing beam
hardening artifact. On CT images, artifacts were slightly
reduced as the maximum voltage rises up. And HU was
measured by drawing ROIs, and in 140 kVp, Bright streak
region decreased approximately 56%; Metal region, about 7%;
Background region, about 90% compared to 80 kVp. But, Dark
streak region increased about 55%.
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000 g/mle & SUVE FAHCRE {ofgt zlolg Helrt
(Table 1). |-¢F&91 H7lo| A= Solid Teflon J o) A =
=7} MAR algorithm -8 A] Z4gict E3F 13 1%
A171 SPECT/PET Phantom®] Z|tf] 34t WHslo] w2 HU
2} NoiseE 7)1t 23} 80 kVpol| B3| 140 kVpojA] HUE=
Bright streak o= oF 56%, Metal FH2 oF 7%,
Background % ollA= 2F 90%7F AL Dark streak <
Hof|Al= 55%7F 713tk Noise ¥3R= Bright®} Dark,
Aol A= A8 Metal FollA= S57F
HWcKFg. 6, Table 2). AL WSl wb2 CTE 7|vte & 7t
A EA ¥ W/O MAR algorithm PET g4 of| A= Skx o=
P71t A3t 2 xJo|E Holx] &3k, Bright streak
o) A9] false positive uptake= AFEFA|A] g3ttt ThE °f‘°d0ﬂ
K9] SUV st w3 SA02 folg olrt pehiA] o
QAT Dark streak @ olA= 2 TAY0] 5 S5
SUVE= 57131t Fg. 7, Table 2).

SPECT/PET Phantomd]] 1% 11342 Akelsle] 81=
MAR algorithm A3 W/O MAR algorithm, H] 74| H
/32 vlugt 23k W/O MAR algorithm -8 A] 3132
A= 9] Bright streak ol 4] uptakeZ} 5715 A|qk,
MAR algorithm¥} 8] & BA FAoA]= false positive
uptake7} TRFE|A] Okttt SEA|TE Fusion g} Hlwglh 2

Background <

> oox it

80kVp 100kVp

120kVp 140KkVp

Fig. 7. Even if the maximum tube voltage rises, false positive
uptake of Bright region didn't decreased (arrow). But, in Dark
region, false negative uptake was decreased by increasing
SUV, as the maximum voltage rises.
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AcHFig. 8). TS MAR algorithm} W/O MAR algorithm
oJ| 4] Bright, Dark, Metal, Background & %oj4| 2] SUVE H]
W3{F A} Background FHE& A 2JskaL B= FHoA EA
Aoz Fogt Apol& ety 53] a&o 7 21
&9l B_194] MAR algorithm #-8 A] SUV7| 2F 50% 74
SR B_2% S ol A += 0.88+0.49 g/ml= Background <
21 0.90+0.02 g/ml7} FAA o2 FO|gt 2fo| & LEhA] oF

H
]

LT

St OIZE1} Metal Artifact Reduction Algorithm®| S2-4of gt &

T 0.99+0.09 g/mle} 0.98+0.48 g/ml=Z Background <2l
0.91+0.18 g/ml Hr} =7 SUVZ} HriElon, QAo = i
7} Ao\ &= Bright streak % %of|A] false positive uptakeZ} Lt
Elgtt Dark streak <oA= W/O MAR algorithm¥}
MAR algorithm 5 7} %7}elo] SUV7H wh] Z4510.
], 53] MAR algorithm #-§ A] 32 SUV 45 H3ich
(Table 3, Fig. 9).
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Table 2. This shows the change of the HU, noise, and SUVs of attenuation corrected PET according to the variation of maximum

tube voltage.

80 kVp 100 kVp 120 kVp 140 kVp
HU 295.56 201.05 157 128.45
Bright Noise 93.7 45.51 30.61 24.51
suv 1.02+0.12 g/mL 1.00+0.08 g/mL 0.99+0.09 g/mL 0.99+0.04 g/mL
HU -332.95 -255.7 -196.65 -148.69
Dark Noise 87.22 54.46 43.01 32.69
suv 0.63+0.11 g/mL 0.70+0.16 g/mL 0.77+0.15 g/mL 0.80+0.11 g/mL
HU 2669.23 2575.13 2514.07 2466.56
Metal Noise 100.14 149.07 177.9 195.47
suv 0.16+0.09 g/mL 0.140.06 g/mL 0.15+0.12 g/mL 0.15£0.20 g/mL
HU 19.22 7.93 4.82 1.81
Background Noise 50.13 26.53 15 10.1
Suv 0.93+0.15 g/mL 0.92+0.12 g/mL 0.90+0.10 g/mL 0.91£0.06 g/mL

W/0 MAR MAR

Fusion

W/0 MAR MAR

Fig. 8. It showed comparison of
with MAR algorithm, W/O MAR al-
gorithm, and non-attenuation cor-
rection (NAC) PET images. In W/O
MAR algorithm image, FDG uptake
was increased in Bright streak re-
gion around Metal, but, when ap-
plying MAR algorithm and non at-
tenuation correction, false positive
uptake was disappeared. However,
in MAR algorithm and non attenu-
ation corrected PET images, the
shade of metal was magnified.

NAC

Table 3. When applied MAR algorithm, SUV of B_1 reduced about 50%, but, B_2 was not significantly different from Background.
However, all SUVs of B_1 and B_2 were higher than Background, and showed false positive uptake.

B 1 B 2 D 1 D2 Metal Background
W/O MAR 0.99+0.09 0.98+0.48 0.64+0.15 0.88+0.02 0.24+0.16 0.91£0.18
MAR 0.47+0.10 0.88+0.49 0.35+0.13 0.63+0.21 0.06+0.07 0.90+0.02
p-value p<0.01 p<0.01 <0.01 <0.01 p<0.01 p>0.05
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Fig. 11. In 62-year-old patient
had cervical cancer, the false
positive uptake of Bright streak
region was increased in CT im-
age (arrow). However, the false
positive uptake was not observed,

MAR when applied MAR algorithm.
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