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Summary

Recently, the development of DICOM networks and software has made possible SPECT
attenuation correction using X-ray C'T, mainly of the head. However, for thoracic and abdominal
imaging, X-ray CT data is acquired with patients performing deep breath-hold, whereas for SPECT
image acquisition patients breathe normally. Accurate attenuation correction has been difficult to
attain because motion of organs in the diaphragm region due to respiration causes positional discrepancy
between the attenuation map obtained by X-ray C'T' and the SPECT images. We developed a deep
breath-hold SPECT (BrST) method and examined the utility of the method in attenuation correction by
X-ray CT in the thoracic and abdominal regions of the body.

Methods : We built a device to simulate respiratory movement and used it in combination with a
heart and liver phantom to evaluate the impact of breathing motion on the attenuation correction of
myocardial SPECT imaging. The free breathing (FB) method and BrST method were compared in
myocardial perfusion scintigraphy and liver scintigraphy in a clinical setting.

Results: The SPECT count distribution was observed to be homogenecous in the phantom
myocardium without breathing motion, while distribution became heterogeneous with breathing

motion. In clinical myocardial SPECT imaging, the FB method produced artifacts similar to those of

185



RIEZFIE SPECT (BrST) %AW X#R CT (C & ZHEEHIEDIRE (4%, fth)

the phantom breathing motion. In clinical myocardial SPECT imaging using the standard NR method
similar artifacts were observed as in the simulated NR phantom. However, using the BrST method
both the image homogeneity of healthy myocardium and the image contrast in the infarcted region
improved. In clinical liver SPECT, underconection occurred in the upper lobe by the FB method.
However, accurate attenuation correction was possible by the BrST method, and contrast was also
improved. The BrST method, in which SPECT data are acquired with patients performing deep

breath-hold as in X-ray C'I' scanning, was shown to be useful for attenuation correction using X-ray CT.

Key words : Breath-hold SPECT (BrST) method, Attenuation correction, Torso imaging, Respiratory
motion, X ray-CT
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Liver and Kidney Phantom LKS

The heart and liver phantom (HL model, Kyoto), the liver and kidney phantom (LKS model, Kyoto) and the custom-built

device used to simulate respiratory movement are shown.

Fig. 1 Phantom.
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The upper figure shows the liver without radioisotope (RI) and the lower shows the liver with radioisotope. In the BrST method, irrespective of
the presence or the absence of RI in the liver, the spatial count distribution count was homogeneous in both Short Axial and Bull‘s Eye map
images. In the FB method, a decrease in the counts in the anterior and inferior walls of the myocardium was observed when there was no RI
present in the liver. With RI in the liver, an spatial overlap was observed between the myocardium and the liver as indicated by the arrow.

Fig. 2 Short Axial and Bull’s Eye map in the heart and liver phantom study.

BrST FB

In the liver and kidney phantom experiment, the respiratory movement (FB) study resulted in a spatially inhomogeneous count in the
diaphragm region with translated cold spot as compared to the deep breath-hold (BrST) method.

Fig. 3 Liver and kidney phantom study.

188



AR s 2

BrST B0 NUE LM, 7 7~ b L EER, BRK
LIz MU 2 A A X128X1928, 1 FFIISFHIL
T2

SPECT OFEREMALIE, 77 >~ b A%, W
B s b WALIESHIIE 2 7\, FEHERCIE(: FBP i
Z R, BT L ¥ —13 Butterworth, /[
WS 5757 4 18, KA 8 BRI B 0. 50
cycles/em, 3 > F 77 7 41%, KE 8 Ml
Wk 0. 44 cycles/em, WEZHEKRL v F 75 74
&, KE S MEWTE W45 0. 41 cycles/cm TIT - 72,

3. %& R
MET 1) 77 ¥ 840 X 2 i
LB 7 7 > b A EEROFE R T Fig. 2 1R
F. BrST T, FFiEo RI £ oA D
STEBIMIE R, TNVAT A<y Tk b H—Rh
fi% R L7z, FBEETIE, FFIHIC RIERE MW
Yitr, BUEEEX TEEICH Y v METEMIAEED S
7o. F 7o, IS RI ERDSH 2 & 13 KENTR
FHENT, O & FIRATE 7 B 5B 7.
I E N 7 7 > b A FEBEO#E R % Fig. 3 127K
. EBIZRT CT & SPECT O E PO M4 T

BrST

B21

Vol. 26 No.3 (2006)

1Z, BrST 31X CT & SPECT 25— L 7-%° FB
FECIREHAITRTIETEICI ARy T84T
720 KHIBIZRT 77 Y PARNDI— )L RAE Y
MEESH ER O SPECT W% TlE, BrST #:i
WU FBIRIIE 2D HIVNE i s 7.
512, FB i, RHEICITR MBS B &
OO v MR — & e o7z,
a2 ) BRER T — 12 & % 51

BEIRBIIC BT A ORI SPECT O i g i
BoOKEH % Fig. 4 ITRT. LHix 7 v F~x—7
LD % AT - 7234, BrST T, DLh
HWOHAETH CT & SPECT OfLiEH RO H{§I:—
FL72h%, FB 1%, CT & SPECT D&
G TRENIR T L ARIRIIC I A~ v 723
U7z UAFILHE SPECT DGR % Fig. 5, 6 (2
Y. Fig. 5 (L OREBOMFET 2R LT A
Bl THH. FB P CTIERIEE & TEE AU AL AT
O HN, RIFEALSILFICFED 57z, L
L, BrST (i CTRIEETHMO 7Y » P O¥—kB
X ORISR & BRI b T A b oSk
L, DREOMKIBHRD L7z, Fig. 6 13T
B 5 RIEELZ AU TRIFZ R LTV BIER T H

The myocardium was used as a landmark for SPECT and CT image co-registration. In the BrST method, the SPECT image was found to be
accurately co-registered with the X-ray CT image in the regions outside the landmark myocardium. On the other hand, in the FB method, spatial
mismatches were observed as indicated by the arrow between the SPECT and the X-ray CT images.

Fig. 4 A clinical example of SPECT and CT image fusion using myocardial scintigraphy data as a

landmark.
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BrST FB

The case exhibits lowered blood flow in the apex of the myocardium. In the FB method, a reduced count was observed in the anterior and inferior
walls of the myocardium as predicted by the phantom study.

Fig. 5 A clinical example of myocardial blood flow scintigraphy when there is no radioactivity in the liver.

BrST FB

The case exhibits a count deficit ranging from the inferior wall to the lateral wall of the myocardium . In the FB method, a high level of radioactivity
was recognized in the region indicated by the arrow arising from the overlap between the inferior wall of the myocardium and part of the liver.

Fig. 6 A clinical example of myocardial blood flow scintigraphy with radioactivity in the liver.

4. FB T, TERELMEZGRO A EL L2 o7z, OFIEE SPECT T CT & SPECT Ofif
AN XD RENORTEALICT 77 1 €7 4 HEn BHDW GO I A~y FIE, 7H6H, BrST T
s U7z, LarL, BeST BTl bns 1B ED SN Do 72h%, FBETIZSBIIC

190



AR s 2

Table 1 Spatial mismatches between the CT
attenuation map and the SPECT image
in myocardial perfusion scintigraphy

BrST R BH vs B

method FB method Bull’s eye
Mis- 0/7 Cases 5/7 Cases 6/7 Cases
matches (0%) (72%) (86%)

The percentage of spatial mismatches between the CT
attenuation map and the SPECT image was 0% in the
BrST method and 72% in the FB method. In the Bull’s
Eye map image, the percentage of mismatches between
the BrST method and the FB method was 86%.
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The upper figure shows the projection data
and the coronal image of MDCT. The middle
figure shows the SPECT and CT image co-
registration. The lower figure shows the
SPECT coronal image . In the BrST method,
the coronal MDCT image is well spatially
matched with the SPECT imagel. In the FB
method, attenuation under-correction occurred
in the SPECT image due to the overlap of part
of the liver with the lung in the SPECT image.

TEW + XrayCT

BrST
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Fig. 7 A clinical example of hepatic colloid scintigraphy.
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Table 2 Spatial mismatches between the CT
attenuation map and the SPECT image
in hepatic receptor scintigraphy

BrST method FB method
Mismatches 0/12 Cases (0%) 9/12 Cases (75%)

The percentage of spatial mismatches between the CT
attenuation map and the SPECT image and attenuation
under-correction caused by the overlap between the
liver and the lung field was 0% in the BrST method and
75% in the FB method.
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