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The Lowest Dose for CT Attenuation Correction in PET/CT

Byung Sam Kang1 - Jin Hyun Son' - Hoon Hee Park' - Kyung Rae Dongz’3
'Department of Radiological Technology, Shingu University -
2Department of Radiological Technology, Gwangju Health College University -

3Department of Nuclear Engineering, Chosun University
Abstract

PET/CT(Positron Emission Tomography/Computed Tomography) is an examination combining morpholo—
gical and functional information in one examination, The purpose of this study is to see the lowest CT
dose for attenuation correction in the PET/CT maintaining good image quality when considering CT scan
dose to the patients, We injected "F_FDG and water into the cylinder shaped phantom, and obtained
emission images for 8 mins and transmission images(140 kVp, 8 sec, 10~200 mA for transmission
images), and reconstructed the images to PET/CT images with Iterative method, Data(Maximum,
Minimum, Average, Standard Deviation) were obtained by drawing a circular ROI(Region Of Interest) on
each sphere in each image set with Image J program, And then described SD according to the CT and
PEC/CT images as graphes, Through the graphes, we got the relationships of mA and quality of images,
SDs according to CT graph were 16,25 at 10 mA, 7,26 at 50 mA, 5.5 at 100 mA, 4,29 at 150 mA, and
3.83 at 200 mA, i.e, the higer mA, the better image quality was presented, SDs according to PET/CT
graph were 1823.2 at 10 mA, 18251 at 50 mA, 1828 .4 at 100 mA, 1813,8 at 150 mA, and 1811,3 at 200
mA, Calculated SDs at PET/CT images were maintained, This means images quality is maintained having

nothing to do with mA of high and low,
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1. Introduction diagnose organs and cancer through their

molpholoy, PET study diagnoses and estimates

PET(Positron Emission Tomography) study is the them through the amount of metabolism, i, e,

cutting edge study which can estimate glucose activity rate,lN2 Accordingly, even the smallest
metabolism in the body using 18F—FDG, In cancer if it is high malignancy can be detected

contrast existing image methods(MRI or CT) can accurately, And the number of PET study has
been tending to increase rapidly of late years in

the United States, Japan, etc

because it was

’
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Corresponding Author: Kyung Rae Dong diagnosis of cancer, knowing relapse whether or

verified that PET is very effective on early
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which can find the spot of lesion and see We mixed *F-FDG with water equally for 30 min,
functions of organs, while it is hard to reveal the and fixed cylinderical phantom to the table, At
clear anthropotomy though the PET_E'N9 But this first, the emission image was acquired a period of
defect came to be made up for by fusing CT into 3 min and then transmission images were
PET, Among the reconstruction methods of acquired on the increase in tube current ranging

PET/CT system, we used attenuation correction from 10 to 200 mA(beginning point 10 mA, an

method, Recently, PET/CT systems use the CT image per 10 mA), Transmission images are to
scan for attenuation correction instead of a make attenuation correction map, The scanning
radioactive source(GSGe and 137Cs) as is used in time and tube voltage are fixed 8 sec and 140
stand—alone PET systems., Through using CT, the kVp. Each image was reconstructed with Iterative
scan time can be reduced a lot, On the other method wused clinically, Attenuation correction
hand, the need to reduce CT scan dose to the method is used for reconstruction in the PET/

patients has grown considerably since the CT(Fig. 2).
introduction of multi slice CT scanner, We studied 2) Deriving data and getting SD(Standard
the optimum conditions maintaining the image Deviation) from the data

quality and reducing the patients scan dose. A circular ROI(Region of Interest) was drawn on

each sphere in each image set with Image J

H- Material & MethOd program and SDs were computed, SDs were

determined according to the following equation 1,

1. Materials

This phantom was designed to reflect the {i(xkE)Q}/n (1)
human tissue(Fig, 1). o
2. Methods We drew the SDs graphes of CT images and

reconstructed images and saw the correlation

1) Scanning protocols
between SD and dose,

All studies were done with GE DSTe PET-CT
systems, “F-FDG 2.03 mCi(Back ground : 0.3

mCi) was injected into the cylindrical phantom,

Fig. 1. Cylinderical Phantom Fig. 2. Scout view of CT (Scan time : 3 min)
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II. Result

1. The results of CT images

Table 1 is the calculated data by drawing ROI
on each CT image, ROI scales are all the same,

The SDs according to the CT graph were 16,25
at 10 mA, 7.26 at 50mA, 5.5 at 100 mA, 4.29 at
150 mA, and 3,83 at 200 mA, With these Figures
3 graph was drawn, The results showed that the
higer mA was, the better quality of images was
and the lower mA was, the worse quality of

images was,

Table 1. Data of CT images

mA Area Mean SD Min Max
10 29830.90 8.21 16.25  —63 77
20 29663.06 235 1146  -52 49
30  29214.83 2.32 9.31 -38 47
40  29214.83 2.19 8.04 =37 36
50  29214.83 2.15 7.26 —34 32
60  29214.83 2.27 6.62 -29 29
70 28928.73 2.27 6.10 —26 32
80  28942.08 2.16 5.72 —26 26
90  28942.08 2.13 5.41 -25 27
100  28942.08 212 5.15 -20 23
110 29500.93 2.32 4.86 -21 25
120 29365.51 1.84 4.70 =23 21
130 29110.88 1.84 4.57 -21 24
140 29110.88 1.88 4.44 —20 19

150  29079.41 1.78 4.29 -19 18
160  29110.88 1.78 4.18 -17 24
170 28942.08 1.78 410 -19 19
180  29110.88 1.96 4.02 =17 18
190  29214.83 1.97 3.91 -14 17
200 29079.41 1.995  3.83 -19 16
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Fig. 3. Graph of CT Images' SDs

2. The results of PET/CT images

Table 2 is the calculated data by drawing ROI
ROI scales are all the

on each PET/CT image,

same,

Table 2. Data of PET Images.

mA Area Mean SD Min Max

10 25750.1  24721.2 1823.7 15209 32767
20  25750.1  24707.2 1822.8 15173 32767
30 24882.8 24718.8 1812.8 15205 32767
40  26378.2 247111 1802.8 15186 32766
50  24284.7  24699.2 1825.1 15135 32767
60 24882.8 24708.5 1815.0 15114 32766
70 24284.7  24710.9 1827.4 15141 32766
80  25750.1  24705.0 1826.3 15117 32767
90 24882.8 24685.9 1839.6 15114 32767
100 24882.8 24718.4 1828.4 15131 32767
110 25750.1  24712.0 1825.2 15146 32767
120 24284.7  24706.6 1823.4 15121 32767
130 24882.8 24676.8 1835.8 15174 32767
140 26378.2 24717.4 1803.5 15172 32767
150 24882.8 24748.0 1813.8 15189 32767
160 24284.7  24709.5 1821.9 15154 32767
170  24284.7  24708.7 1823.1 15166 32767
180 25750.1  24719.9 1820.9 15221 32766
190 24882.8 24730.3 1814.0 15257 32767
200 24882.8 24739.5 1811.3 15193 32767
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The SDs according to the PET/CT graph were
1823.7 at 10 mA, 18288 at 100 mA, 18113 at 200
mA, With these Figures 4 graph was drawn, The
results showed that Calculated SDs at PET/CT
images had little changes(Fig, 5).

2000
1800 [0 0000000000004 9000009
A 1600
P 1400 |
1200 [
1000

O P O O QO AQ®
S MR SIS SN AR SN

mA

Fig. 4. Graph of PET images' SDs
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Fig. 5. CT Image, PET Image and fusion Image

The results demonstrated that there is a close

relationship between CT image and scanning
dose and that there is little relationship
between the PET/CT image and the dose.

IV. Discussion and Conclusion

The interest of the PET/CT has been arising in

compliance with the development of medical
technique, Because PET/CT has a big advantage;
functional and morphological information can be

obtained in a single examination, On the other
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hand there has been a problem about the patient

. 10~11
scanning dose,

So this study was implemented,
The purpose of this study is to grope the lowest
CT scanning dose considering image quality, %Ge

137 . .
Cs were used to utilize for attenuation

and
correction at the beginning in the PET, however
we experimented with 18F—FDG, which is wused
mostly nowadays for CT dose estimation, Scanning
dose is due to the tube current, Each manu-—
facturer propses 40~50 mA as a optimum dose(at
140 kVp). But above study's results show that the
CT images' SDs curve falls quickly on the increase
in mA(Table 1, 2) but, relatively, little changes
SDs of PET/CT

images(Fig. 4). It means that mA cannot affect

can be seen in the graph
the PET/CT images, in other words, low mA has
little effect on the image quality of reconstruc—
tions derived from the images obtained at the
setting, Therefore PET/CT images can be obtained
by using the lowest mA value to examin lesions
and, at the same time, can preserve the image
quality, Although a decrease in mA results in a
reduction in radiation dose, it is also associated
with an increase in image noise and streak
artifacts which may affect the diagnostic result of
the study., However, such artifacts in PET images

can be easily distinguished from metabolically

active disease, The lowest dose CT has the
advantage of the short scanning time and
provides adequate image information, Moreover,
the patient scan dose can be reduced
References
1, Turkington TG, Williams JJ, Wilson JW,
Colsher JG, McDaniel DL, Kim CL, et al,

Performance of a BGO PET/CT with Higher
Resolution PET Detectors, IEEE 2005; 23:
1891-4,

2. Zhu X, Yu J, Huang Z, Low—Dose Chest CT:
Optimizing Radation Protection for Patients,

Am J Roentgenol 2004; 183: 809-16,



Byung Sam Kang - Jin Hyun Son - Hoon Hee Park - Kyung Rae Dong

. Li J, Hsieh J, Colsher J, Stearns C, Lonn A,
Towards Single Ultra—Low Dose CT Scan for

Both Attenuation Map Creation and Localiza—

tion in PET-CT Application, IEEE 2004; 16:
2396-8,

Gregory R, Partridge M, Flower MA, Perfor—
mance Evaluation of the Philips 'Gemini'

PET/CT System, IEEE 2004; 16: 2605-9,

Shin GS, Dong KR, The Difference of Stan-—
dardized Uptake Value on PET-CT According
to Change of CT Parameters,
Korean Society of Radiology 2007; 30: 373-9,

. Wu TH, Chu TC, Huang YH, Chen LK, Mok SP,
Lee JK, et al, A positron emission tomography
(PET/CT)

for CT radiation dose optimization,

Journal of the

/computed tomography acquisition
protocol
Nucl Med Commun 2005; 26: 323-30,

. Nam SR, Son HK, Lee SH, Lee CL, Cho HM,
Kim HJ, Effective
Clinical PET/CT Acquisition Protocols, Korean

Journal of Medical Physics 2006; 17: 173-8,

Dose Evaluation wusing

10

11,

Korean J Digit Imaging Med, Vol. 13 No. 3 September 2011

Brix G, Lechel
Munzing W, Muller SP, Radiation Exposure of
Patients Undergoing Whole Body Dual Moda-—
lity 18F-FDG PET/CT Examinations, The
Journal of Nuclear Medicine 2005; 46: 608—13,
Brix G, Lechel U, Veit R, Truckenbrodt R,
Stamm R, Coppenrath EM,

U, Glatting G, Ziegler SI,

et al, Assessment
of a theoretical formalism for dose estimation
in CT;

Eur Radiol 2004; 14! 1275-84,

an anthropomorphic phantom study,

Deloar HM, Fujiwara T, Shidahara M,
Nakamura T, Watabe H, Narita Y, et al,
Estimation of absorbed dose for 18F-FDG

whole body positron emission tomography and
magnetic resonance imaging, Eur J Nucl Med
1998; 25: 565-74,

Park HH, Roh DW, Kim SY, Dong KR, Lee
MH, Kang CG, et al, Usefulness of Dynamic
18F-FDG PET Scan

in Lung Cancer and

Inflammation disease, Journal of the Korean

Society of Radiology 2006; 29: 249-55,

115




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




