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Quantitative Comparisons in '*F-FDG PET Images: PET/MR VS
PET/CT

Moo Seok Lee, Young Hyun Im, Jae hwan Kim, Gyu O Choe

Department of Nuclear Medicine, Pusan National University Hospital, Korea

Purpose : More recently, combined PET/MR scanners have been developed in which the MR data can be used for
both anatometabolic image formation and attenuation correction of the PET data. For quantitative PET
information, correction of tissue photon attenuation is mandatory. The attenuation map is obtained from the CT
scan in the PET/CT. In the case of PET/MR, the attenuation map can be calculated from the MR image. The
purpose of this study was to assess the quantitative differences between MR-based and CT-based attenuation
corrected PET images. Materials and Methods : Using the uniform cylinder phantom of distilled water which has
199.8 MBq of "“F-FDG put into the phantom, we studied the effect of MR-based and CT-based attenuation
corrected PET images, of the PET-CT using time of flight (TOF) and non-TOF iterative reconstruction. The
images were acquired from 60 minutes at 15-minute intervals. Region of interests were drawn over 70% from the
center of the image, and the Scanners' analysis software tools calculated both maximum and mean SUV. These
data were analyzed by one way-anova test and Bland-Altman analysis. MR images are segmented into three
classes(not including bone), and each class is assigned to each region based on the expected average attenuation
of each region. For clinical diagnostic purpose, PET/MR and PET/CT images were acquired in 23 patients
(Ingenuity TF PET/MR, Gemini TF64). PET/CT scans were performed approximately 33.8 minutes after the
beginnig of the PET/MR scans. Region of interests were drawn over 9 regions of interest(lung, liver, spleen,
bone), and the Scanners' analysis software tools calculated both maximum and mean SUV. The SUVs from 9
regions of interest in MR-based PET images and in CT-based PET images were compared. These data were
analyzed by paired t test and Bland-Altman analysis. Results : In phantom study, MR-based attenuation
corrected PET images generally showed slightly lower -0.36~-0.15 SUVs than CT-based attenuation corrected
PET images (p <0.05). In clinical study, MR-based attenuation corrected PET images generally showed slightly
lower SUVs than CT-based attenuation corrected PET images (excepting left middle lung and transverse
Lumbar) (p<0.05). And percent differences were -8.0~1.79% lower for the PET/MR images than for the PET/CT
images. (excepting lung) Based on the Bland-Altman method, the agreement between the two methods was
considered good. Conclusion : PET/MR confirms generally lower SUVs than PET/CT. But, there were no
difference in the clinical interpretations made by the quantitative comparisons with both type of attenuation map.
(Korean J Nucl Med Technol 2012;16(2):68-80)
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Fig. 1. The Philips Ingenuity PET/MR TF system is a hybrid
imaging system with Philips time of flight GEMINI TF PET and
Achieva 3T X-series MR system. A turntable patient handling
system facilitates patient motion between the MR system on
the left and the PET system on the right.
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Table 1. Specifications of the Philips Ingenuity TF PET/MR
system

Description Type or Dimension

PET parameter

Detector ring diameter 903 mm
Bore diameter 70.7 cm
Axial FOV 18 cm
Crystal type LYSO
Crystal size 4x4x22 mm’
Crystal array per module 23x44
No of detector modules 28

No of individual crystals 28336
Coincidence window width 3.8 ns
Energy acquisition window 460-665 keV
Time of Flight Yes

MR parameter

Magnet type Superconducting 3T

Bore diameter (cm) 60
Maximum FOV (cm) 50x50x45
Field homogeneity (VRMSa) 0.5 ppm

40x40x40 Volume (cm)
Max gradient amplitude (mT m—.1) Standard mode = 40/100
and slew rate (mT m—.1 ms—.1) Enhanced mode = 80/200
on each axis

Number of receive channels
Channel band width

Table weight capacity

16 standard, 32 optional
3 MHz per channel
200 kg




kst of] =9 PET/MR AH|Ql Ingenuity TF
PET/MR (Philips Medical systems, cleveland Inc) (Fig. 1,
Table 1)¥} PET/CT #H|Q] Gemini TF 64 (Philips Medical
Systems (Cleveland), Inc.), Biograph Truepoint 40 (Siemens
Medical Solutions USA, Inc)E ©] 83} tHTable 2).
Ingenuity TF PET/MR¥} Gemini TF 64+= 7+4] X]Z==2 MR
I} CTE AREsk= Zolgo] a1, ume of flight (TOF)7]%
S AM3ER= PET AH|9] 7|E Alepe Zko X]—H]O]E]—
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Uptake Values (SUVs)E H|w5}17| $]8}9] phantom study &
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1. Phantom Study

1) M=

Uniform cylinder phantom(supplied with Philips scanner,
diameter: 20 cm, length: 30 cm, volume: 9,293 mL)& o]&
&to] 25420} "F-FDG (fluoro-2-deoxyglucose) 199.8 MBqZ
o] magnetic stirrers- ©]-85}o] 3087+ JJ_HPo]— 1:]- -] g
phantome] T ANE £4517] 919 B s
tKFg. 2).
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7HA] F 9] [%IcH(Fig. 3).

A EHE 98l MR SUV validation protocol o 4]
Q-Body coil ©]-85}0] TE 1.25ms, TR 2.7ms= 3}%.01,
PET94+] AJ714d-e TOF OSEM &tue]&S ARg-ataich
CT:= & A7} B34 120kVp, 100mAse] ZAC R A
Aslglar, PETHARR] 27442 Gemini TF 64-2 TOF OSEM

Table 2. Specifications of the Philips Gemini TF 64 and the Siemens Biograph Truepoint 40

Description Gemini TF 64 Biograph Truepoint 40
PET parameter

Detector ring diameter 903 mm 842 mm

Axial FOV 18 cm 21.6 cm (with TrueV option)
Crystal type LYSO LSO

Crystal size 4x4x22 mm’ 4.0x4.0x20 mm’

No of individual crystals 28336 32448 (with TrueV option)
Coincidence window width 3.8 nsec 4.5 nsec

Time of Flight Yes No

CT parameter

No. of CT slices 64 40

CT Transverse Scan Field 60 cm 70 cm Extended FOV
Tube current 33-500 mA 28-580 mA

Tube voltages

80, 120, 140 kV

80, 100, 120, 140 kV
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Fig. 2. Uniform cylinder phantom
was used. 199.8MBq of "*F-FDG
diluted with distilled water over
30minutes on the magnetic stirrer.
After mixture, the air layer was
removed for the uniformity.
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Bt HARR AN SHTE E]L Z12E0] PET Au|of of
3 AN =2 Hrlel7] 918 MedCalc™ (MedCale software,
version 12.2.1.0 Mariakerke, Belgium)2 ©]-83}o] Bland-

Altman plot 42 3}4ck

2. Patients Study

1) 7 oA

2011 119518 2012 397b4] 23789 oelo] gl
A AR 0l=16:7, Htol, 50.4x15.24) 5 o=
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Fig. 3. For the comparison of
MR and CT-based attenuation
corrections, transmission scans
of uniformity cylinder phan-
tom was performed using
MR and two type of CT (A:
PET/MR, B: PET/CT).

Fig. 4. (A) MR attenuation map of uniformity cylinder
phantom. (D) CT attenuation map of uniformity cylinder
phantom. (C)(F) Region of Interests was drawn over 70%
from the center of the image.
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Fig. 5. After we displayed PET emission images reconstructed using 2 different attenuation maps of CT and MR, we
evaluated SUVs (standard uptake values) for same location. (A) Lungs, (B) Soft tissue, (C) Bone.
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1. Phantom Study

Table 3. SUVmax and SUVmean in uniform cylinder phantom.

Hlw: PET/MR VS PET/CT

7441 14 W] Zol7h nlX|t G} PET/CT Al
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-0.330] itk PET/CTAR|ZE) SUVs 2 Highat Batghe] =
-0.19, -0.152 time of flightE #-8-A]7] Gemini TF 64
o] SUVs7} 7] 24 =] 2lth(p<0.05). 3714 Aol 4] 243t
SUVs g2t Ht 452 Biograph Truepoint 40, Gemini TF
64, Ingenuity TF PET/MR <=©. 2 &2 712 &lgh
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Fig. 6. The uniformity cylinder phantom SUVs of the Ingenuity
TF PET/MR, Gemini TF 64 and Biograph Truepoint 40. The
smallest SUVs were found in the Ingenuity TF PET/MR.

; at 15-minute intervals for 2-minute each

SUVmax SUVimean
MR CT1' Cc12? MR CT1 CT2
60 min 1.12+0.04 1.30+0.00 1.53+0.04 0.90:£0.00 1.0120.03 1.30+0.00
75 min 1.10+0.00 1.27+0.04 1.51+0.03 0.90+0.00 1.01+0.03 1.30+0.00
90 min 1.06+0.05 1.21+0.03 1.62+0.09 0.90+0.00 1.10+0.00 1.30+0.00
105 min 1.10+0.00 1.25+0.05 1.53+0.06 0.90:£0.00 1.10+0.00 1.30+0.00
120 min 1.10+0.00 1.28+0.42 1.56+0.05 0.90+0.00 1.10+0.00 1.22+0.04
135 min 1.11+0.03 1.29+0.05 1.46+0.06 0.90+0.00 1.10+0.00 1.21+0.03
150 min 1.14+0.05 1.30+0.00 1.46+0.05 0.90:£0.00 1.10+0.00 1.2120.03
165 min 1.15+0.05 1.31+0.03 1.44+0.05 0.90+0.00 1.10+0.00 1.21+0.03
180 min 1.17+0.04 1.32+0.04 1.47+0.06 0.90+0.00 1.10+0.00 1.21+0.03

“Ingenuity TF PET/MR, 'Gemini TF 64, "Biograph Truepoint 40.

Table 4. Comparisons of SUVmax and SUViean Of PET systems.

; the mean quantity of total values.

Ingenuity TF PET/MR Gemini TF 64 Biograph Truepoint 40
SUVinax 1.14+0.05 1.29+0.05 1.48+0.05
SUVinean 0.91+0.00 1.09+0.03 1.24+0.05
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Fig. 7. Bland Altman analysis of estimated SUVs of the Ingenuity TF PET/MR, Gemini TF 64 and Biograph Truepoint 40. Solid line
indicates the average mean difference, while dotted lines delineates the 95% confidence limits of agreement.
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Hr} Wokt(Table. 5)(Fig. 8, 9).
IESE Ingenuity TF PET/MRAH] 2} Gemini TF 647H] o]
A S 35S TR SUVs 9| LA =5 v|wdt ik
B 95% AFEQl YRR Aelo] S0 Uit
(Fig.10, 11, 12).
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Table 5. Comparison of SUVmax and SUVmean in PET systems

3] o]4r7F ® Eolrl PM tubeE AMESE= PETT 1Ab3
MRo| A2 7hd& 2] A sk Zloll ISl 27H4] 7
7H0] 7S SRSl o2 WA PM wbe AR5}
OF1 AAFALE o] © E(avalanche photodlode, APD)Z o]
3k Wilo] 9aL” PET# MRS 273 A#) a1, PET
gantry+= silicon steel 2 1212121 X[ & d}al PM tube Z}2}
& Mumeal 2402 AJfalol Ae] IS Hage
2w o] itk 2ele] PEIMRE: 0] afaek
gHH, MR¥} CT9] 4 g5de Afo|& <lsf PET/MRE
PET/CTe}= the 2424 #e Aolg olgsi 63
t}. PET/CT7} CTE o]-&3}o] ZZAof t3t Hounsfield Unit
£ AR Al AR AHAEE ol8eithy,
PET/MRE 2Alist MRAIEZEe] 2 5jel gl
71 WZoll MREolA gHas] apol7t e Fiss &
ol o R AR =S TESITh 12 Lﬁ}% Hof| o
3| 4+= lung, soft tissue, airZ 371G 2 L= HIl o 7] o
g del 4pelom pasie ol e wal)
PET/MRL2 E3h2 lung, soft tissue, airZ WFRATE o=
MRS| 354 ol BoISi) S WHE 4 A 3
399 9] A7} lung: 0.030 cm’, soft tissue=0.098 cm’,

SUVinax SUVinean

MRAC CTACT p value  %Differece MRAC CTAC  p value  %Differece
RUL’ 0.61+0.09 0.60+0.10 NS 3.07+19.16 0.45+0.07 0.43+0.07 NS 5.49+19.94
LULS 0.61+0.08 0.60+0.11 NS 3.85+16.38 0.46+0.07 0.45+0.09 NS 3.43x18.99
RML ' 0.49+0.08 0.45+0.10 NS 13.4+23.99 0.36+0.08 0.34+0.07 NS 7.84+24.73
LMLd 0.52+0.10 0.57+0.10 NS -7.78+16.17 0.40+0.08 0.45+0.07 NS -10.78+15.77
Rt. Liver S6 2.01+0.35 2.11+0.24 NS -4.28+15.30 1.63+0.29 1.74+0.24 NS -5.88+15.01
Lt. Liver S277 2.04+0.39 2.11+0.29 NS -2.17+18.15 1.63+0.32 1.77+0.24 NS -6.88+18.70
Spleen 1.67+0.27 1.73+0.18 NS -3.27+13.4 1.43+0.21 1.46+0.12 NS -2.04+12.02
Lat. Lumbar' 1.60+0.31 1.63+0.22 NS -1.36+16.96 1.19+0.26 1.30+0.22 NS -7.85+14.63
Trans. Lumbar” 1.75+0.37 1.74+0.23 NS 0.68+19.14 1.24+0.23 1.31+0.19 NS -5.20+13.47

"MR attenuation correction, ' CT attenuation correction, 'Right upper lobe, SLeft upper lobe, 'Right middle lobe, "Left middle lobe,
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Fig. 8. The maximum SUVs difference of the both upper lungs,
both middle lungs, right liver segment 6, left liver segment 2,
spleen, lateral lumbar, transverse lumbar.
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Fig. 9. The average SUVs difference of the both upper lungs,
both middle lungs, right liver segment 6, left liver segment 2,
spleen, lateral lumbar, transverse lumbar.
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Fig. 11. Differences against mean for soft tissues by Bland Altman plot.
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