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Motion Correction Techniques for PET Studies

B
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Kazuhiro KOSHINO

Z B

PET BE BT IEEL{LPERBEBETOERD | SICEREDEENRSHSH. FHETIE, EEICOR
AN PET BELBIT BB EDOERICOVW TS, KB RET IHRIIRESSETDLEY T T
DT R—RFEEN— R 2T R—AFED 2 BERH . L viability 5FEZ B E L PO- 5k
D PET BEXHUZ, V7 b xT_R—RFEEN—FU 2 AR—ZAFEOHFRICOVTIHRRS. &z,
RERPETEBELZFEAL ThhbhARER LI — RO 27 R— BB EE LB T 5.

¥—")—F : (KEHHIE, PET, EGLE

Motion of a patient during a positron emission tomography scan can cause deterioration in image
quality and in quantitative accuracy. We describe need of motion correction in PET studies from the
viewpoint of quantification. Methods to detect motions are roughly categorized into two groups, soft-
ware-based (image-driven) and hardware-based groups. Characteristics of those two types of motion cor-
rection techniques are described in the case of 'SO-H,0 PET study for evaluation of myocardial
viabilities. Our motion correction technique using an optical motion tracking system is also introduced.

Key words: Motion correction, PET, Image processing

Med Imag Tech 26 (1): 3-8, 2008
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Fig. 2 Distribution of 'O-H,0 in a heart of a pig injected
after (a) 50sec. (b) 65sec and (¢) 93sec.
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Fig. 3 PET studies with an optical motion tracking system
for (a) neuroimaging, (b) cardiac imaging.
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Fig. 4 Coordinates for our motion correction technique.
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Fig. 5 Schematic diagram of the motion correction techniques (a) image-based, (b) sinogram-based (4].
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Fig. 6 Effects of the motion correction technique on Hoffman brain phantom in ISF PET study. (a) emission image without
motion, (b) with motion, (c¢) corrected for motion. (d) rotations of motion, (e) translations of motion.
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Fig. 7 Effects of the motion correction technique on build-
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emission data, (c) corrected for the misalignment.
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SPECT D€ &1k & 1L
Quantitative and Standardized SPECT Imaging

EH aET
Hiroshi WATABE

8
SPECT #EI%, PETEB LV bELKERLTEY, DFA AV VU FIIBWTSPECT i, £3FF/A<
bbb E2H 5, Bk BEMBINTVS SPECT BEifZ, ZIZEEALRTHOARITOATEY,
BFA A=Y= LTRIAT 101013, ERILLEHLZEDDIVLENHS. SPECT OER
b, EELDT-HIZIZ, BEORV y ROWTHEL L UREBBEZ2ThRid IR oy, RETIL,
SPECT ##3 L, SPECT OERILE I UEHLDI-HD/y r— QSPECT #3445,
¥—7—F : SPECT, OSEM EgFH#k, RIUEE, #HEABHMHE, QC

Although single photon emission computed tomography (SPECT) imaging is widely available as
daily clinical application, image qualities among several SPECT cameras are not well controlled. We
have developed QSPECT software package for quantitative and standardized SPECT imaging. The soft-
ware is written by Java and C languages and is able to run on several platforms. This package has five
features: 1) library for reading and writing several SPECT data formats, 2) iterative image reconstruction
method with attenuation correction, 3) transmission-dependent convolution subtraction method to com-
pensate scattered photons in the projection data, 4) dual table autoradiographic method to quantitate
cerebral blood flow of different conditions by dual injections of radiotracer. 5) managements of BCF
(Becquerel calibration factor) and CCF (cross-calibration factor) parameters for quality control purposes.
By QSPECT package, SPECT imaging can be quantitative and standardized.

Key words: SPECT, OSEM image reconstruction, Aattenuation correction, Scatter correction, Quality

control
Med Imag Tech 26 (1): 9-13, 2008

1. [ZLBHIC

MR, 5FA A=V BEL HECEm S
n, BFAA—CU TR LE0TTHAIHR
BRI, FHLWER DEEROBRRIZIKE
RMBHBBRETSTWD. FFA AT T in
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BHEN, FVUFATAY b—TERWA A=
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ENTWBEHF T B. SPECT (single photon
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BRI : 20078 11 B 1 A
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A4 Y +—7 (radioisotope, RI) # [ izA A—
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ERENZ LV, BEMEWAREOBEAZRD
B, FO—FTHA 70 boDk BRI
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2INELTEBH. EE, 20074 1 A ORETPET
BX O PET/CT EEMBENT 354 BICRLT,
SPECT #8132 1926 BRI FERLTEY (1,2,
¥ REII PET KEFZ RKELFIEHL TV D, &
FA A= T DOBRKRT—LVHBEBRICATHD
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—F T, B, BEOL—F o THOLENRS
SPECT Hi{§##riL, EMMLFMOATHRDD
ZENRLIELETHD. 5%, A FA AT
D4YEFC, SPECT #HEMNLLFIA I D20
X, HAd RIOAHERICTHHENOOBRA
FE G TNT RS0, E5lD, TE, EEIC
X EBM (evidence based medicine) 73:K# 5 T3
Y, SPECT (L T% EBM OEEATN AR
-, EEMoR L, EEIEELRETHD.

AFE T, SPECT #EEICBIL THER L, ¥F
LAY AT D SPECT O iER{L, EH(Iz
ML CTHENTTD.

2. SPECT DRI

ATEE Gl ~<7= & 912, SPECT4@BIZ Rl 4 A —
P DEOOEBTHL. RIA A—V 7,
Rl % 7L LT=ReE DER| OEN A 2RI
Brh-HESEEETHELILOTHL.PETT
13, RI & LC51keV OB v #4208
FiEfA VS0, SPECT Ti, s &8 Fhx A
NE—DFERENSHV GRS (Table ).

Table 1 Popular radioisotopes for SPECT imaging.

[sotope Energy Half life
9mTe 140 keV 6.01 hours
200y 70 keV 72.9 hours
123 159 keV 13.3 hours
bl 364 keV 8.04 days
7Ga | 93,185,300 keV 3.26 days

(a)

SPECT %@ 1%, v a7 5 #EHEs,
BHEORIIEB I v BOFEEXRD SH 2
U A—%, HAFEETEELT, L THEEE
DRy bbbl h. HHRE RS S RLEA
MHHMEND vy BETVA—F¥EBLT, K
HHEBRHBTRET L. TOREBIERED
Th AEEEL, EEOFENLDEET—4
ZHETDL. ZOBEBOEET—Z16, RID
ik RTEREEAERT D,

PET M4, BEWIC 180 EFmICKE Sh
7= 51lkeV @ 2 D v BEREEHT5 2 L2
0, RIBREIFFEHI ST 2 oA FS
BAPITIEET 5 & LTWA A, SPECT 04
X, 2V A=%ZXY v BOMA T DA%
BELTWS., oV A—#ILEE, 2O
Wi ED vy BOBE#EIOEVWEMTTE
TWa., NoOBTHIZEY, BiITE4R, 77
vE—LR ComR— AN S BE,
SPECT ZEIZIHE# O A—#RFRBLTE
v, BRI LTS RIOFEES, BEICL - TENY
SFTWD. SPECT O RE2Fmu, =Y
A—SEEZDIEIZEY, —BETIEHOA
A= (3] b, BERA AT ETIT
Z5HZETHD (Fig. 1 BR).

3. SPECT 2B T2 EBMHEOMRE

A A=V TEBORPT, RI A A=Y 7T
L ERMESR @V E Wb D, 5T D
A 2 FICTEHE SN A ABORD 2 fF

Fig. 1 GCA-7200A(Toshiba) (a). typical clinical SPECT camera which has
two heads and multiple collimators(b) including pinhole collimator(c).
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Fig. 2 Schematic diagram of directory structure of QSPECT package.
QSPECT has configurations for several SPECT cameras.
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Comparison of Gd-DTPA-Induced Signal Enhancements in Rat Brain C6
Glioma among Different Pulse Sequences in 3-Tesla Magnetic Resonance
Imaging
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Sato H, Enmi J, Teramoto N, Hayashi T, Yamamoto A, Tsuji T, Naito H, lida H.
Comparison of gd-dtpa-induced signal enhancements in rat brain c6 glioma among

different pulse sequences in 3-tesla magnetic resonance imaging. Acta Radiol 2007;000:1-
8.

Background: Tl-shortening contrast media are routinely used in magnetic resonance
(MR) examinations for the diagnosis of brain tumors. Although some studies show a
benefit of 3 Tesla (T) compared to 1.5T in delineation of brain tumors using contrast
media, it is unclear which pulse sequences are optimal.

Purpose: To compare gadopentetate dimeglumine (Gd-DTPA)-induced signal enhance-
ments in rat brain C6 glioma in the thalamus region among different pulse sequences in
3T MR imaging.

Material and Methods: Five rats with a surgically implanted C6 glioma in their thalamus
were examined. Tl-weighted brain images of the five rats were acquired before and after
Gd-DTPA administration (0.1 mmol/kg) using three clinically available pulse sequences
(spin echo [SE], fast SE [FSE], fast spoiled gradient echo [FSPGR]) at 3T. Signal
enhancement in the glioma (Ey) was calculated as the signal intensity after Gd-DTPA
administration scaled by that before administration. Pulse sequences were compared
using the Tukey-Kramer test.

Results: E1 was 1.12+0.05 for FSE, 1.26+0.11 for FSPGR, and 1.20+0.11 for SE.
FSPGR showed significantly higher signal enhancement than FSE and comparable
enhancement to SE.

Conclusion: FSPGR is superior to FSE and comparable to SE in its ability to delineate
rat brain C6 glioma in the thalamus region.

Key words: Brain; contrast agents; MR imaging
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T1-shortening contrast media are routinely used in
magnetic resonance (MR) examinations for the
diagnosis of brain tumors. Some studies show a
benefit of 3 Tesla (T) compared to 1.5T in
delineation of brain tumors using contrast media
(1-5). However, it is unclear which pulse sequences
are optimal. The conventional spin-echo (SE)
technique has been most frequently used for Tl-
weighted (T1W) imaging of tumors after contrast
media administration. The gradient-echo (GRE)
technique, which is faster than SE, was introduced
initially at 1.5T or lower field strength (6-11). Some
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studies have reported that GRE techniques compare
favorably with the SE technique for delineation of
brain tumors (8-10), while other studies have
reported that GRE techniques do not show contrast
enhancement as well as SE (6, 7, 11). At 3T, as at
1.5T or lower field strength, the issue of whether
GRE techniques are effective compared to SE has
not been determined. In 16 patients, NOBAUER-
HUMANN et al. reported that 3D GRE with
magnetization preparation (MPRAGE) was com-
parable to TIW SE in tumor-to-brain contrast at

.3T, although the parameters of TIW SE were not
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optimized for 3T (1). In 12 patients. FISCHBACH et al.
compared four TIW sequences: SE. inversion
recovery fast SE (IR-FSE). 2D GRE. and
MPRAGE at 3T. They observed that SE and IR-
FSE provided higher contrast enhancement of brain
tumors than 2D  GRE and MPRAGE.
Furthermore, their impressions showed that the
visual quality of SE was superior to that of the other
three sequences (12).

In order to compare pulse sequences, it would be
preferable 1f the pathological and physiological
conditions of subjects were constant across scans.
One possible model system is the widely used rat
brain glioma model (4. 5. 13-15). In most studies
with small animals. MR imaging systems with small
magnets arc widely used. The pulse scquences
available on the scanner designed tor small animals,
however. are different from those on a clinical
scanner. By using a scanner designed for humans,
we can compare diagnostic values of practical
clinical pulse sequences. To our knowledge. no
studies have been rcported comparing pulse
sequences on a 3T human scanner using a rat brain
glioma model.

The purpose of the current study was to
clucidate the optimal pulse sequence that provides
the highest obtainable signal enhancement using
gadopentetate dimeglumine (Gd-DTPA) in a rat
brain C6 glioma model on a 3T human whole-body
scanner.

Material and Methods

Protocols of all animal procedures were approved
by the ethics committee for animal research at the
National Cardiovascular Center. Male Sprague-
Dawley rats (Japan SLC. Inc.. Shizuoka. Japan)
were used. Rats had free access to food and water,
and were kept in uncrowded conditions (two/cage)
in a light-. temperature-, and humidity-regulated
room (light on 07.00 19.00, 234+3°C, and
504 20%0).

Study design

T1 measurements n the brains of three normal rats
and phantom studies were performed to identify
pulse sequences. among which Gd-DTPA-induced
signal enhancements in rat C6 brain gliomas were
compared. and to determine pulse sequence para-
meters. Using the determined pulse sequences and
parameters. we examined five rats with developed
gliomas out of 20 rats that reccived C6 glioma
implantation in their thalamus region.
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All scanning was performed on a 3T whole-body
scanner (Signa LX VH3M4: GE Healthcare.
Milwaukee. Wisc.. USA) equipped with the manu-
facturer’s gradient system (maximum gradient
strength 40 mT/m: slew rate 150 mT/m/s).

For imaging rat brains, we built a three-turn
solenoid coil with a diameter of 42 mm and a length
along the cylindrical axis of 18 mm. The diameter
and length of this coil were adjusted to rat head size.
The helical pitch of the coil was wide enough to pass
the car bars used to secure the rat’s head. The coil
was capable of transmission and reception. and was
tuned to an impedance of 50 Q at a resonant
frequency of 127.76 MHz. Capacitance was divided
into six clements in series. which were put at each
half turn. The coil was mounted on a fixing
apparatus (Narishige Co., Ltd.. Tokyo. Japan)
using an acrylic jig specially designed for the coil
(Fig. 1). Rats were placed prone on the fixing
apparatus. Rat heads were secured using an incisor
hook and car bars. All components of the fixing
apparatus consisted of non-magnetic materials.
During imaging. the fixing apparatus. on which
the rat and the coil were mounted. was placed in the
gantry so that the cylindrical axis of the coil and the
cranial-to-caudal direction of the rat were perpen-
dicular to a static magnetic field, and the center of
the rat brain was positioned at the magnet 1socenter.

Measurement of T1 in normal rat brain

This measurement was performed to establish the
normal T1 value in the transplantation site (thala-
mus) of the C6 glioma cells. T1 values in the brain of
three normal rats (9-13 weceks old. 380+ 50 g) were

Fig. 1

I'he three-turn solenoid coil and the fixing apparatus used
for the imaging of rats in the present study. The coil was mounted on
the fixing apparatus using the specially designed acrylic jig
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