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Laboratory System of Positron Nuclear Medicine
—A Design Concept of Akita Nohken PET Center—
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A4 7mbrr bRV brrzIyvya s bE
777 (PET) 12 X 54 LMH 5\ T A LEH
HGREELER L TEEER TS, WbY5
R be UEEZ G, FH T 5 BREERMTE
(RI) 3 11C, 13N, 150 0 & 5 iIcAEEEHKT 5T
FEZOLDOHBWIE BF 0 X 5 I H o FHLlkT
HBEWILENEE &, PET 2SHAEFEY
Do RIBEZERTE 2 &5 IERE ZRIERESD
Dick, PEROKEEZOHFEEZBZ 725 LWEER
H¥rTRLoob 2 LE2 5.

R b e UEESZ, BY e UBU RIES
Mr—H 2R AR, FEBRL— 5%
DN MR IRES 2 T =%+ 5HER,
WET — & 2HEER D D W ZEEER A T 2 —

* PR RS BB B SE £ o & — MU R R
ZHS9%ESH2R
B AL 59428 A30H
BIRIEERSE © BKETTHARERT 6-10 (8 010)
FRE RS B TFSE + > & — HUE
E B B

FICEW LTV 2 h OB AR 21T 5 f#T R,

EHIT, FWUWER b v— OBRRBISE B RR
ECHER REOHED 1D I ERS + D
3 EBRR, ORKE HAROHE THER S L 5(Fig. 1).

LieioT, Z0BRBGITIZER, BB, &
HIREOERBERER T iR, ERERELE
T 5LFEE, $4 27 v ha R PET o i
FHLEREITOYWEIYE, 503, hLr—
Y& T OBERT 1T O FEAEE L ORLE Y
BfffE e LEL L, HROEFRESE L IELSH
mEHEL, ok, ¥4 /v bte R PET 0
EXEEL, UEOKENBHONEEEPAEBIICHE
BTV 27 LEVBEENS.

AX T, KEMIERY ke U EERY 2T 4
ZonT, JIERZHLIE, 4E0R DA
HHRELLIC, BERT5ETo 1 EROERNE
LHRRBOEERBEL 5.
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Presented by Medical*Online



120 BE P

. 4440 ravELURER

IRy b A v b rEPEL UTERKR
FALEBRBRZENL T3y berd4EL £
ty bV 2EEETHLEERY A7 AR EREH
L. #427u bry (BC-168, HARIH) &
BEF 16 MeV, EEF 8MeV Ofi = & L ¥ —
¥EL, ZASOpALLEOEY H LEFKAHFE O
5. =7y bRy 7 23KREH3IM, 05 bH
18z F-F: §H, LtRERAIEGH4ELE
T35, =5y bRy I ROTBRBIVOS—F v
h OFEHE L EILERBRIETITA B L ST L.
R & L LTk “N (p, a) 11C, 180 (p, a) 13N,
12C (d, n) 13N, 1N (d, n) 150, 20Ne (d, @) 8F,
180 (p, n) 8F 2 FE L 7.

H2R P v—H & iz % 1502 C150g, C1%0,
11CO,, 11CO, 18N %3 H B &M EE (ARIS-G1,
BARHET) TAH V4 v TEREN D, Ebig,
BRARRIEDH L L7 5 150 il & 2 EHRALE
(150 EBHE) T TS b v—VRE D EFEME
BREE TNV EORHRRGTH B2, HHHES
ZBERENEBZHEREL, 2ToVzxRr—
FiRzhEBBELTHKEENS (Fig. 2). fx D
EHRIEA O/BRE & 72 5 13NH;, CHsl 35 X O
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Fig. 1 Four bases in positron nuclear medicine. Posi-
tron nuclear medicine consists of four sections
of measurement, synthesis, analysis and ex-
periment. The positron nuclear medicine sys-
tem will work well as a new science of medicine
when these sections are organically collabo-
rated.
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HUCN iz B8h&mkEE (£ h 2 h ARIS-NI, Cl
BIUC2, AR TEbh 5. BERUEE
PR LTHASA TS BF2-F4 % v-2-7
Zr-D-7')va—x (¥FDG) Y4 FI2< FHRIET
BRRL TR, EEEOHKBEROIDY-HE)
EREREBEORRBICE LY -2, T Offl, 18F-
CHsF # =, 13N-N:20 # =, !3N-NHs jE4K,
UC- 2 F#4 = v EFE 2, ERRRIE T R T
BIREBIZH B2,

D EDOEBARK b v— 4 O HHHBECHUA L
HIMEE X T 27 v = b7 5 70BEENEE 7 = = b

2F PET room

|

|

Target Box |
I I }I

Cyclotron

Automatic
Gas Unit

Tracer Concentration
| Control Unit

i

Exhaustion Gas Storage Tank !
I

IF Cycrotron room | Hot Laboratory
1

Fig. 2 Transportation system of positron emitting
radioactive gas tracer. Positron emitting gas
tracer produced by a compact cyclotron on the
first floor is supplied to the PET room on the
second floor. During a steady state gas inhala-
tion study, the tracer concentration is main-
tained within 29 fluctuation by a gas control
system developed here. Expired gas from a
patient is evacuated and retraced to the reser-
voir tank in the cyclotron room.
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Table 1 Maintenance instructions for routine positron

study
1. Cyclotron
cooling system check.............. per day
electricity system check............ per day
target systemtest ................ per day
2. Tracer Synthesis
gaspuritytest............. ... per study
pyrogen, sterility test.............. per study
3. PET, Well counter
PET normalization scan .......... per day
PET blankscan.................. per day
Well energy windowset .......... per day
PET-Well cross calibration ........ per week

FI7ICEVREShE. BECEHTHEAO
REEYE ORE I B G T RIZ BTV, EEHED
REIRERITS. %72, BOER S 20X icH
VT4 U TRERICHAE T 5 b L — 2GR BRA
BERTORECRETS. &8, ¥R L—9+38
®», ZhOOERICHER LI ARER R ER R
BEFRETB I LTV A,
BERICBNWTIE, ¥4 7 ber0f# bS5
Ticky, BRE%BORH MG ER R
Thote. LhL, £0%, BERAECKANE
N INED LY, AT EIREED L
V3.,

II. PET & & URIER

REFZD > BT PET 3EBHERED FEER 2 K
KEHERLEDZ 96, BERALSIEIERS
hW3BETHB. Lrl, —FHTiF, EfELEE
EHERFT D O OHER B NRLERIITH 5.
£2To b v—%EF 0L, PET 2 X 54K RI 4
FRE & H P (well) BHSRIC X 5 Mk RI#
EREPHENELY, LWHFHED G & TREST
LTHY, ZhZh O QERE 0 FEKELY
PET JUI5E D SF ST & % (Table 1) (Fig. 3).

1. PET QRN LAERTE

ZOX ) BAN S, TKEKIE & SRR &
DR T FR% Lz PET (HEADTOME III) <
2 RISMAECERMEEFZOER L &EHc L
7. EBMOHITLEIBEAROKEORE, B

Blood Tissue
( Y
1 — 1 | fn-1
r Vi i1
2 <~ 2 | = | n
a o

Fig. 3 Schematic drawing of kinetic model of positron
emission tomography. A radiopharmaceutical
tracer administered through a blood pool is
transported into a tissue and its metabolite or
tracer itself goes back to the blood pool. A
relation of time activities between the blood
compartment and the tissue compartment
gives physiological information ‘of behavior of
the tracer, and mathematical analysis extracts
accurate parameters based on the physiological
model. Each time activity curves are monitored
by a well counter and a positron emission
tomograph, respectively, and accurate meas-
urements allow a quantitative analysis of
mathematic kinetic model.

[Aﬁglform Solution J
g I\

PET

O

[(cos/o) ] —=—=[(PED) |

R

Cross Calibration Factor
(cps/g) / (PET)

Well

Fig. 4 Schematic drawing of cross calibration between
a positron emission tomograph (PET) and a
well counter. Cross calibration factor, defined
as a ratio of PET pixel count rate to the well
count rate measured for the same concentra-
tion of radioactivity, converts pixel counts of
PET in clinical measurement to the radio-
activity concentration in absolute unit. The
cross calibration factor is updated weekly.

Presented by Medical*Online



122 BE

22% 15 (1985)

PET | 1cc

| ®
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Fig. 5 Arterial blood analysis in 130 steady state study. The measurement with this model
is performed during continuous inhalation of 130 labelled C!302 and 1502 gas.
During the PET measurement arterial blood is withdrawn from the radial artery
of a patient. Radioactivities of the whole blood and the plasma are measured by
a well counter. The count rates are corrected for the time decay to give count rate
at the withdrawal. From the same blood sample physiological parameters of the
arterial blood such as gas tensions, pH, hemoglobin and hemotrit, are also

measured.

T, MOREBROMEREFECRRE B &
L <, HEADTOME III <358 PET %E &
LT v 7 EZE 750mm LIEHITKE

<L, 7%, V77 % bRRRICEL L.

E5lL, ThbiRIZRBRERTEZR/NRICT S
¥» BGO B47~FiEix 40mm & 4E3k @ PET %8 &
PRELLTH B3,

PET DRIEMRFIEE, RIEE » RI ik Well
CXAREMBTHRIELT, MI»T, EREx RIE
EicHHEAEEL 25 (Fig. 4). Zhi HHEKEL
MY, PET JIEOREEEHED ) b TRLEELE
HThHB. HMEREIFEEEHNICTY, BER
¥orEEE PET QIERE 0REMZ RTHEE
BEOOLSTHS.

2. RmmBEHSTEERENEEROMSRE

R ML IR 0 ki B IR BE I E (X BRER U E D B T
BLEMERECE D ETFREN 22 (Fig. 5),
A4 VX VFERRY BEMLEF oo 2 F
LOBREITo .

FEBOA— Py 72 Well #2H5E, EFF
F, 7y b2 vF, BIY, FTRPy 7 2%HR

<4 2> (MZ8OBIIY v —7) IHEHESAT VWS
(Fig. 6). Well $RH22x /M2 2in, B & 2.5in »
H 78] Nal #5 L 2 ing XBETHEE (R 878,

ERA M=2 R) BOR5. FOEEIF NIM £
22— OB SHTES (590, ORTEC) T 511
KeV 2HLICFRED T R X —I1g 77 1 BIR & h
7=1%, IEEE 488 #i& = % ¥ o 3} 558 (874,

ORTEC) #zHL T av~AHT&h3. K&
HEBEABEERILEEDEH W E Va — )L 456
(ORTEC) &L, H—Emaiiizo= X —ig
BEF v RV ERMTEE (MCA) (v ) —X
30, CANBERRA) iz#:fs LT BEIRGICRET
X3k5i1ICL7-. &%, S11KeV oREBELY—7 %
IEDMEIZE 5 X HiRR L FER, £15%0
IXAAXF—BERELTWVWS. ZOBH>OERIT
BERONIZLTREREDREMRFLH 7. B
FXK#F (EB-280, B#) i3 RS-232C T=A avic
BErish, Well QIERko ElREEZFH A+ 5.
7 v b AL v FIIER RI OWIEgREE OREIRE
MIE L R AIOEREEHE B E LT, PET
FZILBEWTROMEPF2HERCF oo 2 B2
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Fig. 6 Block diagram of arterial blood radioactivity
autoanalysis system. The system consists of
micro computer (MZ80B) and many devices
drawn to the computer. The devices connected
with thick solid line in the figure, have been
already developed, and the other devices will
be communicated in future. Behind these hard-
wares, lots of efforts have been spent for
software development.

2 X D RS BRARE L IE TREOREZIZ AN TE
X 9izL7z. PET B~z & 5 iz, HEDEM
ERBREEE2RTT 5D ORBIREFTER
PRI,

<4 3DV 7 by TIIFHI & FHER» S
5. FAAEERRI, BF ID, H2RELL
%, Well 12X 3210 &m0 0B o i oL,
EFRFBICEA2RE Ry VoW L B DER,
BLW, 7y MRS v FITk BRMED| DR L
KRToO6HEDOKEEEZ S v & AICF AT, 2h®
NOBIEDFAERY L 7 03l R » BRI FIE

WAL I=7r vy CHABTHOIS (Fig. 7).

FEEY 7 Ny =7 3PIDICREET - DY —
FETY, RNEEMEFz vy TAHIRERV
b L, RMRGIREHE (&5 HTRZ— %5 BRaRs
A, Well ¥ Toreff] GHEBRRIFZ— %5
FRIAFEZD), B XU, FHEERH GO EE) &S
W IREMEZ 1T 2. REC, Well 3o
¥x%ELEL (ERFy F A L9p) @IEETH.
—%, #AERABOERERGRER-THER)
DFEZITV, BRI, RIORSIRERZS %
WIEEOIRERZICB T A EMERY Y OF
FORHER (cps/e) 23 E T 5.

Mol MRBSERIEERIC L Y, KRR
ETHR L EHEARMNEZ BRI L L ERCHT
AB5E5hot. ¥, AEBIBMREYE
RTERVTRTORBOHKICENTH Y RY
be v hr—d2HWEEHERICLFHTET
»5.

3. BRRRIBITE DFEBEHERE

BERIIE DREE OMERFICIZ FRICIE U2, R A
—ARPERTEIREVPLETHS. TabY,
b v— OftHE & B O T, BRI
ZREFOEREVEEE L Z0EH, T2 by
— Y EAROREMR DHERE, IOV TERMR
TR TICERORITHRET-o-TW5S. £HE
TLICEERBRRB.

BE 0BT, IS PO EFED b L—F
DAL BBFICEECR S, YPOKEFT
Awlicf vadi—rvi3avta—2BEOLDE
ENRRETH LNV ED, FA M L—F DR
T OBRITT L EE =X I BHEDOFERE
TRATFEFRICEI W ez 72, ZOfsE, PET filT
AHCHEOHE TN R BELERTES LS ITR
v, —%, ¥4 7 r brfAlTIZ PET JIEDHE
RIS LR OBE~DIEBES Tz o 7.

HREOREME > BrMICEVEET 5 Z L
BIEEICHEETH 5. AN, #REZEL
BETHHE»S, bLEBIWTLESICHETAEE
T BHE~NEEXTER. 2ok, XHF»1DL
DEFNBIZLBHEE~ R L~DRBE-—DH L Z
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BE#
Time Function Syringe
5 A ¥ % [
14127126 ini
14127142 ini
14127154 ini
14128:06 ini
14:28:118 ini
14128135 ini
14128149 ini
14129104 ini
14129119 ini
14129132 ini
143129145 ini
14129157 ini
14:30110 ini
14130123 ini
14130136 ini
14130149 ini
14131103 ini
14132140 whole o
14156146 start 1
14156153 stop 1
14159:01 whole p§
15:100:48 fin
15103141 Pplasma 1
15105109 fin
15120105 start 2
15120112 stop 2
15122106 whole 2
15122152 $in
15125115 plasma 2
15126102 fin
15126119 start 3
15126125 stop 3
15127147 whole 3
15128132 fin
15:131:14 start 4
15131121 stop 4
15:130:58 rlasma 3
15133105 fin
15:33113 whole 4
15134:09 fin
15:35146 plasma 4
15136134 fin
15149102 start S
15149:08 stop S
15150153 whole S
15151142 fin
15153116 start &
15:53:25 stop )
15154111 Plasma S
15154157 fin
15155106 whole -}
15156103 fin
153156137 start 7
15156144 stop 7
15: 58133 Plasma -
15:159:26 fin
15159142 whole 4
16100136 fin
16102: 09 rPlasma r 4
16103100 fin
16312129 start 8
16312832 stop 8
16:112:38 start 9
163112142 stop 9
16114331 start 10
16114:39 stop 10
16:15:31 start 11
16115234 stop 11
16116206 whole ?
16116153 fin
16:117:08 whole 10
16118100 fin
16:118:08 whole 11
16219104 fin
FRINT FINISHED
(@)

Pot

cmvou»un-]

ODODNNOCO aa dHUU NN ==

990

15
15
16
16

17

Weight
—

3083
3084
3091
3056
3102
3082
3068
3070
3049
3115
307S
3085
3066
3044
3094
3103
3085

3953

3785

3934

3980
3970

4023
4131

4007
3897

4049

3756

3806
3876

3940

4315
3567

3741
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15

58700
24523

77190

31275
71828

29258

82877

8332

64242

6374
36575

6134

179907
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47940

0-15
0-15

0-15
0-15

0-15
0-15
0-15
0-15
0-1S5S
0-15
0-15
0-15
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X%% ELOOD COUNT RESULTS Xxx Backaround data na.( 23) = 12

~~ Steadu state [CO2,02] ~~

Syr RI Time Wis) BE I(=s) Raw(c) Cor(cps) Wt(m3) cps/3
2 coz2 15:20105 7 W 121 58488 4122 843 4889
F 210 24511 4994 924 5404
3 Cco2 15:26:19 & W a8 77178 4514 868 S200
P 279 31263 5364 941 5700
4 CO02 15:31:14 7 Ww 119 71816 4988 1063 44692
P 272 29246 4811 937 51324
S 02 15149102 & W 111 82845 SS17 848 6505
P 309 8320 1690 934 1809
& 02 15:153:16 9 W 110 64230 4216 681 6190
P 317 6362 1741 721 1859
7 02 15156137 7 W 185 36563 3683 810 4546
P 332 6122 1412 896 1575

~~ Dunamic state [CO] ~~~nn

YY¥¥ SCAN START TIME data no.( 63) =16112129

Syr RI Time Wis) B I(s) Raw(c) Cor(cpg) Wt(ma) cps/a
9 CO 16312:38 (4 W 217 179895 22139 1221 18131
10 Co 16:14:31 Q W 279 48448 8456 464 18224
11 Co 16315131 o W 339 47928 11730 656 17881
(b)

Fig. 7 An example of result of arterial blood analysis by the micro computer system

with the 150 steady state model. (a) shows real time printouts during the study.
Each line includes the time commenced and some of relevant items from function
name, syringe number, pot number, scaler weight, well counts and positron-
emitter name. This example shows that the syringe number 1 is a pre-study
arterial sample, the number 2, 3 and 4 are the samples durings C'*O¢ inhalation,
the number 5, 6 and 7 are the samples during 150 inhalation and 9, 10 and 11 are
the samples during C130 study. Function names of START and STOP mean the
start and stop of the withdrawal, WHOLE and PLASMA the whole blood and
plasma count, INI and FIN the initial and final weight of pot. (b) shows a final
result of the arterial blood radioactivities calculated from the sorted data of (a).
The count rates are normalized to counts per sec per gram at the withdrawal
time in the steady state study or at the start time of the relevant scan.
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OFLEE=#, ¥rrHick 3BERHERE
B23%3, MEPBWIHEEIERLLICTOME
CEERXHIICKBLTER. ZThEFTLT,
PET JUIE TEAR+2 s EHIEAIER 2 4 5 W<
SHOFRERATVWS. FHEREZLCHEHE
Z 7 B2{EY, ZOEANBEMICEEHAMICES =
2 — L% L) oiF, PET JIER T %Ge BRE
¥ Ah, CTHRERICIE2—X2Ah, AED
EGO—BME2ERT 5 FE 2 EREP TH 2
(Fig. 8).

%7, FRREROBEKREOHLTH S 0 EF
ETIE. EREOREEE ML LS.
WDASYXE V- OENEROEEE b7
5L BOEFHESRIYLAEW. ok ¥
OEERBEA< 2 7 HRHHWL 21 ORITHR

RIRT, RRRPEIET 2RO T o RO
Fv 27 OFER LK 2 EIRAOEH7 — FO
BEEHIZX D, 1BEAEDBRE CRERMIRATIRE
12k o=, PET OBIEHERIFHE v v a—
FTEATHELTWS., 50 EFHEOMR &M
WP Rt REREE, XU, REME L OBRIIEFL
Bt THBO.
ZO—ERIZRELRELD T T vk 90
EEHETOMBARREICHE ) EREOETIIEL
METHoTR, Zhid, KEFAVBREVWRIER
B2ET3-00ETVORERLMBETHS L
Ex2%. GREOMECHEL ET VBBRESL
30, zof, ~n—Fy=7EDrFTNVELT,
PET OFIBA N T TAR F v K& A & O RF4375
BEERICERT 3 HERELRR DT HH 3 A,
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S q oM Line
1

Fuse Ge Llne Source
PET

Fig. 8 Schematlc drawmg of an anatomic identifica-
tion of PET image to X-ray CT. A face mask
adjusted to each patient is used with both
measurements of X-ray CT and PET, respec-
tively, lead fuses and ®8Ge line sources being
inserted into tubes fixed on the mask. By
superimposing two images as referencing each
marking points in the images, an insufficient
anatomical structure of PET image is comple-
mented.

BITZBN 72 b5 TAERRL TV,

Iv. fig2 tF #

EMT R I RIIE I & 5 PET g8z
BRICXBA— b5 04275 LB ERTL, LE
ET AR MRRCMHETESER X HA TS
&, ERER PL—FEFLORMCEELZITOH
FET 5.

HEADTOME IIl 0 {%&? 5 b, HEREL &
> TW3 B0 EHES FDG 13 M kA e

ERET—ZETICZREFRDEFAICESNT,

HEADTOME III ® = v’ 2 —#% (Eclips S/140,

BEAT—#¥x7 V) TR, RMERHERE.

BFEERR, KOEE, B3IV, M7 oENEE
BEOREEEGICERS S, BEEXS A
v (DRE 11, A& DEC) #®& T, —F4, #—+ 3
CH YT LEBIT KT LR X v F (2605A, FIER
) 2BE LT, wFh i VAX11/750 (HADEC)
~AHEND., ZhLDEBEIBE T — 77 r
yE—F 4 27 ~REFEESH, VESELTHAEE
MNEAELTHETT 5.

22 3% 15 (1985)

E G fEAT £ 18 (IP 8500, DeAnza) (3 VAX 11/750
RS, OV 7 vz 7ERY be VEE
FF— S O ERME LB BB LTE Y,
ﬁﬁ*%%ﬁi‘bé 12 O IR (ROD) %

R Z oA DTS ESE2RkD 5 ROL L# 3
EGAEAT oLz 5. ROI BEEIC X HIIC
LWL onnkEEY %1 7=. PET JlET —
212, FIFFIZHEE & A5k o M AE I (5 23 4k
WO ROl CHMITE AL HIc L. F7z, Bk
MEK%LTJ%%%%—;@%&%T%&;&

Tl 50T, MAOBEYCREEIE =Rt
%%ﬁ&%o\z),ynaé &3t ROIL &L

TEHET2BELHTHERPTH 5. Tofh, &
TREEE L LT LIREDORIRBEE DM TN & &
RWF OFEAERR & WG & ORIBERTE B TIREH
ThHDH. HGTEHEEBL LTI —HEHKLa - ¥
(CIR-100, HAE A =7 )¢ X7 4 L L L -
% (Multi imager 7, Matrix) #{§x T\ 5%

V. ® B %

FLOEER N L RoH LWRIEE 7 L 2 5%
TEHDREBRRIARFIRTH D, AEZTEA—
VSO AT ST A MEREERL LIty 2T Lk H
L7z,

A= AT HMERTS R ELTIRRE
KALHWSLR TS 1C R 3H offiiz, SR
#D BF 2 11C DR b a U RIS EAFTHE
L. TRBAA—INIOA ST 08B0
A& @ 14C < 3H TR MERERRIR & 308 & [/ —
74 VAEICEYE, FO7 4V AB(BE R
T 5. R bw ofis RLI, $ikic,
fEroBEEoREBHZR LT, Well HEl L7 41
LEMVBEOBBRERDAIMEREELEFRRBL
728, Zhizk Y, kO UCRIHOF— 7Y
FT57 4 TEPAREELTWRLEZANR, RY
b e VB RT Gk BICHEHRE L 72IE b FTREIC
ol

PET EikFIF 0 7 VB R BEY & 5 EBR
TiX BF R UC I LT FA—BRTAREh
TEH N L OB RTREICRZY, HhL—Y
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BROBFEHARBICHS. ¥/, HiUC Fr—
FEEMETEES, BClRXdA— T VA4S
I LERD, BF hL—3 AR LT EHEDH
A—bFCASFTLEROL ) RBEBRIXERD
HHICAEEICE 5.

—%, ELFLVAK v —F 0BREOHA T
Z ORGP L—H L LT OERME ORISR
MEFHHEDO DI, BRI R BEMORIE
DLEIZR B, Z OBRE AT DR M MR E
FERIESER 24— F vz (RAW 300, i) %
ERT+5.

VI. & 4

EHTETTIIWL 21D RY b e VEESE
HHH BN, EAMICIREGR Y — R ITT S
PERDEBGHEZEDIER TH Y, TENMMETES
EEMN LRV, ZORFIZBWTHR
BICRD bR LA ERVWRIETH B.

FKHEMBFAR Y b v CEEEREREFHEICR 72
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