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Table 1 Design goal for the new PET
Goals
<0.5cm FWHM

Specifications

Resolution (in plane)

(axial) <1.0cm FWHM
Sensitivity* (direct) >20 kcps/(uCi/ml)

(cross) > 30 kcps/(uCi/ml)
Count rates** <10% LBDC at 50 kcps
FOV (in plane) >50cm

(axial) >10cm
Scan speed per frame <1 sec

* To be evaluated using 20 cm diam, cylindrica]
flood phantom.
** LBDC: loss before deadtime correction.

FIHIDR[EETCH A L EnDL A F v VB O
W LT — 2 UUENE E LWz L, & 6ic, il
FHroWrmEEE, BERE O RRELRHER Y o
7 oK ES EEE (Z E8) KEE L L &
ZE L. Zofhotigik HEADTOME I o#%
BcHSWCHH Lz, choo e »
Table 1 icF L ¥i-.

II. HEADTOME 1V (&8

a) BGOZ MR

FEBICHWBRH I 8o 3x18%x24 mm
g BGO # @ 2o LAY H A4 F2@L T,
2V a2 — VEAARNET M E (PMT)
WA LIEbDTHS. PMT HHho 7+ o /HE
BWREHESLLT, Fr<BAKND BGO #@%
WA 5. HHETTCRBFLELTHLIDOTOZ
TREET 3.

b) HYb—

v by —oWE % Fig. iR+, £ gt
¥iEi#% Table2 (2R3, HHE%3 96 o BGO
ZREBRHUBEEZES2Smm 0 Y > 7' 1 FH ik
BLk. Ryxr/r/RK3I08Ths. ¥ 7Y
v HRBEERIC 1.5 mm & RS o BE 5 #E
EOKIL2 05 13 Ths70®, HEEN =
o URAE LN L. BRHEY Sk
FICHLERE 26 mm T4 ) > S¥R, Lo
T, THMENETE tHS. £y v rBiciz
#4% 810 mm, PN£E 566 mm, JEX A7 mm A6

26 % 4 5 (1989)
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Fig. 1 Cross section of the gantry of HEADTOME
IV. Four detector rings, consisting of 768 BGO
crystals, 96 pairs of twist light guides (LG), and
96 photomultiplier tubes (PMT) arrayed on
825 mm diameter circle, were installed on the
base for axial Z-motion to axially interlace the
gap between planes. The gantry can tilt 20
degree back and 10 degree forth. A patient
aperture was 520 mm in diameter. A %8Ge line
source was set to rotate outside the patient
aperture for attenuation correction, and was
stored in the lead shielded during off use.

dmmic 7 A N— Ll 77 2EE L. H v
MY -l L EFEIESREREH, 55 & 45mm
DR TUERE L 72,
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Table 2 Design parameters of HEADTOME 1V

Table 3 Monitor display of front pannel of gantry

BGO Detector
method twist light guide encoding
size 3X 1824 mm
number of BGOs 8 per dual PMT

768 per ring
number of PMTs 96 per ring
number of rings 4 per system

Gantry
detector diameter 825 mm
ring axial interval 26 mm
patient aperture 520 mm
septa (annular width) 122 mm

(taper thickness) 4=7 mm
tilt angle —10=20 degree
Z-motion span 16 mm

Transmission
method
rotation speed

68Ge line source rotation
3 sec per circle

rotation diameter 560 mm
Dimentions of Working Field
number of planes 7
plane interval 13 mm
field of view (in plane) 512 mm diam. circle
(axial) 96 mm

SR L LTHARI0mm o x5 v L 2 i
ALTHIRD 7 14 VRIR % Bl R 5 B & 3t o
7210, (A RIE 546 mm G HEE X 1Y 3 B
Th5b.
eSO 7Y SOME RO oHIckR
AR Y » 7 AR & E R R E S
58 (Aik o Z HEh) 2z 7z, Z HEHOFEK
I 16mm TH 5. BHERIE O 2 o 0Bk
gy, BEEOD OMGEE LY 7 hy T
THIEFEETH 5.
BEORELCHPDIEHLELT, HbY—
DT 4 N MIHIBICERENR 10, 20 £ TH
RELL, BEHMCFARES2om &L H
EH, A A eI BT E S5 ic L
2. Hr b)) —REICEEAY DR F v UNERHHR
7 — 7 IREE# Y &R LK PET @ L LT
DEENWE & 2 ZE L7z (Table 3).
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PMT oihiz>y 7o 7 BH Lk, V&
DT F e SHEREKICE Y, Voo BOASL

System Monitor

scan ready blink

scan start on/off (with switch)
line source in/out

timer/clock

Patient Orientation
bed height
bed horizontal position
gantry tilt angle

Scan Monitor
Z-motion position
current frame number in scan
count rates of the selected plane
scan time left
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Table 4 Scan mode and data correction

Scan Deadtime Decay
NORM y n
TRAN y n
EMIS y y

wo & — bflE (EMISG), Z@E#hjlE (EMISZ),
F7o, BORME b v —Y DA O ZIRFTHMG & RIE
4239 =7HIEEMISL) Bk 5.

NORMiE# v b Y — b R AN EZIC L, B
WEEE L AR LRET 5. BRI 2 mCi
D BGe AL THY, K 5-6 Ko IEL L
EHThs., NORM JIEL v, ¥ o~ #ERI S
— 5 LHMBRBET — # #1E5. M IEOE
¥ TRAN OfEF—7 e LT, £/, BEITH
BRIE O I #LIE O ST FERIRRIR o i SRS 75 B &
SicRErsh EMIS o #IEF—7 vk LCE
RMl&ahsd. TRAN @GR b v—4 o LHTIC
Bk 2 R E LRIORERERY 1 7 77 o &k fE
%. EMIS 3tk b v—y oL %ok &

BEL, HHE b v =DMy A ) 77 hICT 5.

EMIS o IS Hs M- BhERIE ONEFY, Z EE) L o
MR Y 7 MICHBICRERETHS. £TO
PERZT v K2 A4 LOFMIEEFTVIY, EMIS 3
FRSHR (CIE U 72 O RE DR IE & 1T 9 (Table 4),
¢) AVEa—42EVIFIXTT

FH 22— 2316 €y b CPU (Eclipse
S120) TF 4 A/ A EIF2I0M A~ A FTHS.
KEBEX Y v ar®)—DbOY A 754
B & EHRE R — 2 R T F — 2 U L AT
LCHAA—FYz7IckoTFS. B AF Y
T D IR ERER SR T T 5 ET2HUTT
»%. TRAN X 8 EMIS o BigFE#ER 7 « v
& O JER R FEBOERICREVTRETH 5.

IV. #RtERET — &

AHLHE O Wy EOPERE O R Z THE T 59,

T TR oA HRESL Table SicE & o
foo 7nd, NfENE 4.5 mm o T ) FEEE X HEE
JARXEEETCELIRET— & 20 BENA

26 % 4 5 (1989)

Table 5 Preliminary results of HEADTOME IV per-
formances

Performances Preliminary data

Resolution (l?l-plane) at center 4.5 m}n FWHM

10 cm off 4.9
(Axial) direct 9.5
Cross 9.1
Sensitivity* direct 14 keps/(1+Ci/ml)
Cross 24
Count rates** direct 60 kcps
Cross 50

* Measured using 20 cm diam. cylindrical flood
phantom.

** True events with error less than 19, after
deadtime correction.
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Fig. 2 Cerebral metabolic rate of glucose of a normal volunteer measured by HEAD-
TOME 1V. Data were assessed at three interlacing position with 4.3 mm interval.
The scan started at 60 min after 10 mCi injection of 8F-fluorodeoxyglucose
(FDG). Each single position took 20 min, and each image assessed 20-38x
106 counts. A is original transaxial planes. B and C are sagittal and coronal
images, respectively, reconstructed from the transaxial planes. These images will
provide a new horizon of physiological morphology in brain research.
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26 % 4 5 (1989)

Fig. 3 Cerebral blood flow measured by H2'°0 autoradiographic method and HEAD-
TOME IV. Images were assessed for 90 sec started at 35 mCi H2!50 intravenous
injection. Each image assessed 0.9-2.1x< 108 counts. In spite of relatively low
signal-to-noise ratio functional structure, e.g., the cortical ribbons, can be seen
better than the previous low resolution PET scanner. Thus, investigations for
brain function with repeated physiological activations can be applied using this

tracer and the HEADTOME IV.
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Fig. 4 Images of the myocardium of '8F-fluorodeoxy-
glucose (FDG) uptake taken by the gate scan
of HEADTOME 1V started at 45 min after
10 mCi FDG injection. Data acquisition was
divided into 90 msec interval triggered at R-
wave of FDG. From images of 9 consecutive
phases, images of two phases at systole and
diastole were shown. Each image assessed
1.2-2.2 <108 counts. Note the different intensity
between two phases due to different partial
volume effect caused by different wall thickness.
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Fig. 5 Linear scan of whole body taken by HEAD-
TOME 1V before the cardiac study with
10 mCi 18F-fluorodeoxyglucose (FDG) injec-
tion. The scan took only 10 min. Higher uptake
of FDG was seen in the brain, heart, and
bladder.
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Summary

Design Concepts and Preliminary Performances of Stationary-Sampling Whole-
Body High-Resolution Positron Emission Tomograph: HEADTOME IV

Iwao KANNO*, Hidehiro IIpA*, Shuichi M1URA¥*, Seiichi YAMAMOTO**,
Masaharu AMANO**, Yoshiharu HIROSE**, Matsutaro MURAKAMI*,
Kazuhiro TAKAHASHI*, Hiroshi SASAKI*, Fumio SHISHIDO¥*,
Atsushi INUGAMI* and Kazuo UEMURA¥*

* Department of Radiology and Nuclear Medicine, Research Institute for Brain and Blood Vessels-Akita
**Shimadzu Corporation

Design concepts and preliminary performances
of a stationary sampling high-resolution whole-
‘body positron emission tomograph, HEADTOME
IV, were reported. The system comprises four
layers of detector ring which consists of 768 BGO
crystals with 3 mm width, 96 photomultiplier tubes
arrayed on 825 mm circle. A sufficiently fine
sampling-interval allows data sampling without
scan motion along the transaxial plane. But an
axial motion (Z-motion) is installed to interlace
between adjacent planes. Preliminary performance
characteristics were an in-plane resolution of

4.5 mm in full width at half maximum (FWHM),
an axial resolution of 9.5 mm in FWHM, sensi-
tivities of 14 and 24 kcps/(1#Ci/ml) for direct and
cross planes, respectively, with 20 cm diam. cylin-
drical flood phantom. A large scale cache memory
prepared for each plane allows a realtime correc-
tion for the deadtime and the radionuclide decay,
and a realtime calculation of the rate constants
using the weighted integral method.

Key words: Positron emission tomography,
Physiological image, Effective resolution, Station-
ary sampling, Partial volume effect.
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