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PO-H A E VR Y b v W i (positron
emission tomography: PET) # 2 ClL, WGERMAH O E =
HISEATTEETH V), Ml & (cerebral blood flow: CBF)
[mL/min/100 g], MEZRIH2: & (cerebral metabolic rate of
oxygen: CMRO,) [mL/min/100 g], BEFHZIBHUE (oxygen
extraction fraction: OEF) [%], AMIM{fZ & (cerebral blood
volume: CBV) [mL/100 gl 7 & DINIERAHE/ T A —F
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EEOZEIZ VS, AFBIZH T Japanese EC-
IC Bypass Trial (JET Study) |2 X » CIHLE RS PEDMET
LTCWDRERZRE L /2T - HIEN N A 28 A
(extracranial-intracranial: EC-IC /N A 7 X Z4ff) O ¥ I AN AT
ENTWVA™ T/ Ttk OBIER QIR BB
BHOIFREHIH O 72O |\ E B DA T LN L6 L H
27

R % FEMT 5121, PO A RIETEE R 1 2
O buy, GRCERE, WRRRERE RS, AR
A - NPT, BRI AR R e R i e & DR E R
BASLEY T, AOEBROBRERLICB VTR, Thb
W)L DAMB L UHH L 72Blidsko o s, £
7o, EEEGENTICB VT, PET BEI{%, I s aE
R, BRI ANEHR, suAxFy ) TL—varTy
78 = EOBFOT—5 HVED, ERitHEEITO
TeDDIFNT Y 7 b7 = THRBIAT D 2 030 2 \THEHET
HY, FEEHNEEETLEE TS, ZNUINAT,
AR 72 7 Al & 75 B 7o O WZBIIRBRIM 2 17 ) Ao
HENPLEETH B 720, BIIRZERNAE 5 B i o
) A7 Ruili % [EET 57200 H BRI ThIL, R
YD LA L HBINTNDEY. ZDLd SRR HE
MES ERRAFINAIKRO 5N 5 IEME S RREEIITAY v
M), AEBRRERPEONIMETH ) 206D
HEBRO I —F Uigdr e | I ISER SN TWw
ZVOPBIRTH L. —FT, 2002 425 2010 F 12 A
VT TRETITH A7 The Carotid Occlusion Surgery Study
Randomized Trial (COSS)#f%E" TlE, EC-IC /N4 /S A fff
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O FER OFEFIERE L LT, H,"0 & 0, 7 A PET i
BUHGSNTA, BIIRERINZ AT 43712 Bl 7 iR g
&, BLULZNLDLOEIRTD 2 MK RO A FIH]
ENTWE, ZHUE, e EEEr S TIcefizs
JRI T 72 Z2A 2 BRI 9 2 O AT H A &
EZONTWELZOTHAH, L, FHRHFITHT
EIEPHE LN RV TR, BIIRIRIMIC & % % m
BERNTaY bT A NN E 222 05,
COSS WFZEDBISIE B DEIRAZ Y T - 7270 &) h IR
HoOLHMNH DL SNDBY . COSS BIZE T EC-IC /N 1
INAIMOBEMEEXBET HSDTH 7205, HHFEITED
R w RIREICHWDS TV R A ¥ M OREEIZRRA
Dot THELEZ SN

AMRA 2 JHAE LS SR L EIRR M2 22 < LT, FEBmAY
IZHEEERM A 155 L, ERP DR A RIRED R S
NTWVBAMY o F 2R SN 55l & L CREL
ENBIZIFE STV, D PET/CT HETHLN
BHEROEAEEAL - EAEHILIC L o T, fEk & D & FEM
LIREENEIZR T X 57215 CT% <, PET W{%» o IE@EIM
M2 B AR A I BE %K (arterial input function: AIF) % 5 % T 5
MWAIRD - 72" L L, PET E{E D22/ #REICI1E
FRFED D B 7280, WIfGA & FHIT L 72 M H i B2 a8/ Na A
S, R BAER O BUHBEANR &0 2 T (spillover)
WRELZTA ZO200BE e MYIHIET 5k
& LT, Iguchi 51, spillover & & Tl 0B fish £ a il
B9 2 — iy e % Bl L, #1211
B i (magnetic resonance angiography: MRA) %, #4&
M T, W%, CPOW{EE 5 3 DDHEIZOWTIHEK
BEFL72Y. wEFhokdkd, BRERImC X 5 A%
DR L CHBE LB ELHETH- 2L
EzbNb. UL, BAILEHE (magnetic resonance
imaging: MRD) % H\» % J71%, MRIMEDZES O 6
WIS T E T, & 512 PET RAIZEIN L CHSEE)IR
FHIH D HO MRIBAE 2 S 5 2 L IFERITIEZ 0,
F 72, CPOMIfR%A H 72/ PET Eif§ > AT AT
B BN HETHLH, v ) T7L—ar
DO DFIMABLEETH Y, FIRMT S FT I EE & 1w
9L OO, FRIMALE & AU REIRE O FHI2MKIR L ZE
ThHiHI LWz, HEME IS VEEW.

KL TIE, 0, & CP0, DG AH O PET H{HED
A b —HOIEERAHE/NT XA -V HBELFET S
Dual-tracer Basis Function Method (DBEM) ' 125\ C,
Iguchi H5AVR L72E BRI R ML T 5 FHie S 512
FEhe S, WSHBDIRSEAIBFISIIEE L7z 2 DO
I8 (volume of interest: VOI) D EF R HUSTREIEEE MR &, X
SIZ, ZHRFHIS O WE S e B it 2 FH L CIEBi
M AIF 2155 Hikx B3 L7z, 2 2 TSRS RgiR
FE#E & L /NI 2 R 3 5 2 & TR SRR & #
Fndz. BERRINGE = AT (EBR INEE) 12 X D #5517z ATF
DOFEIEMGEE, B X CEIRRMZ k> THEEl L 222l r
T=V Ry »¥—F& LT, SRIMECLZHEES

EORERAZHE NI, RKEOERIZOWTHE %
THZexHME LT
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1. IBgR

PET [} 157> & PN SEENIR Y O 42100 A 5 BE I B2 i %
KB 72012, Iguchi 5OHEY 2, DT OEFIL
ARGE L. Tabh, BRI RIS % & 5,
BLUOBET 278580 F—F Y BIRO . HEE (VOTT,
VOI2) %5 L 72 (Fig. 1). ZNE1dD VOl WO HUATRE
BEC,HOBLVCO)IZRD L) IZREL 7.

C,(0)=R,C,() + (1=R)C,(1) - KX 1(a)

C,(t)=R,C,(1) + (1—R,)C,(t) -+ A 1(b)

ZZTCMBLOCMIE, FRENBIRMEN DL
M, BLXONY 7 75 r SRk ORGTRERE Td
D, RBIURBCHBIVCHDC,()IZHT S
[H1 24254 (recovery coefficient: RC) TH 5. C,(1) 1233 5
RC%Z(1-R) L L7DIE, FHELZ2DODVOIIZE W
THBELZC)BILYC,)DEFEG LI EWVIIRE

oK. 2o, N1 B LR 1(b) &, ER g

55DTH5. R BIUOR PG 2o, W=z &
DHEEENCBIT S C,(0BLOC()DEDET Y, 4l
HCE REE BE RS S, SIDSEIIREER L 72 h T —
TV &0 FEBEACERI L TS S L2 FEBCBIIR I i g
RIS AT = I2—5% T 5 2 e HfF s
B 50T, ARHAR & L Camtic g F s K
A % R A T A L, ST e At
MCHZET 5 &0 b KEBIRIMENOFEDEILET 5 2
EZ X DAL B BEE (delay) 7% £ D) (dispersion) 124§
HIIE2Y %479 2 L TR0, A, C°0, W AIZK T 5
AIF % IEHEIZ R B 2 L SRR 72 .

KL TlE, WEEIR ED 220 vVoLIZinz T, &
DI/ IR E L CREL, I OFHIRO JHPTRERH
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Fig.1 Model for estimating input function from the carotid

arterial regions on PET images, as originally proposed by

Iguchi et al )
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TS REIR EE AR (reference time activity curves: Ref-TAC) %
FIH L7z, &80 CBFfH, OEFfi, CBV#Hi%, L.
T RD FINE 4. 7 — FWF 2) 22 M) Tko, N
Bk SMELRC(0), C,O) 2B H R fEE R, fE
ZALE T Ref-TAC i d LK HHTLHIHI LR HE
R, % %D 7. FIE% Fig. 2 II/RT.
2. WE
SERTEREI N F—Yartbry—7T, "O-#
A PET MifE & Fiti L 72 30 DL T — 5 & 7z, %t
1L, SREMOBIEERNRH/ Y7 2 -y ELRET DK
FAETLERE & BRI O R BERFAREE (2 5310 72, U3l
PERHE 106T, BEEGI3 A, K2k, BE
(B s 4 (M7 - PAZE 4 %4, MG TR S IR IR RE B
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Fig.2 An example procedure of estimating the PET image-
derived arterial input function, implemented in this
study. A: Comparison of the radioactivity supplied to the
facemask (red line) and the scavenged from the facemask
measured using a pair of radio detectors (blue line). B:
Three time-activity curves from the inner (red) and outer
(green) regions-of-interest on the petrous part of the
internal carotid artery and the cerebellum region (black).
C: Fit results of the cerebellum time-activity curve. D:
Estimated PET image-derived arterial input function. E:
The arterial input function determined with the invasive
continuous blood sampling procedures, as the reference.

E14)), FIHFRES51.9(£16.6)ETHh - 72 KRR
x40 EHT, BHESH, w124, mEkE -
FAZENE 14 44, DR 00K 3 44, IMBIER RN ik ke &
3%, FHER562(£165) B TH o7z, WITNLOIESR]

b, BT BEIIRA S FEBERRIL U 72 BhDR b s A R 7 —
%, B X U'DBFM " X ) & L 72 CBF, CMRO,,
OEF, CBV O & EmBENH LN TWE, L%
VTR0 B AR =52 vk ([POIGAS-PET) I BT A 58
SR I Bk O A BT 5 B RRE GRE &
2018014) J& LT, #HiFEHHRAEI NNE) T —2 3 v
MM E R AR TR ESORBE S TCEmMLA. K
FAHPIEREZ & T N A M E S BTG BRI 2 vk
DENIZ L D ERMEOMEOH GREE 7 (2017008),
UMIN000029191) J& L CR7- 1% v 72 REFEIE,
B OB A% I\ CTEMT 2 %A1 S BIEHETH
D, WNREFIHTHEEEE V. KR OWRE IR
FTHHWERZIEIF 77y MRS X ) .

3. PET/CT i&f&

PET/CT %¢7& 13 Biograph mCT (40) TrueV (SIEMENS %k
#) % 72, Three-dimensional (3D) JN4EH @ PET &
HHEBIZIE, 4x4%20 mm @ lutetium-oxyorthosilicate (LSO)
i r W Twa, Rl e 216 mm % A L
AT A AE20mm T 109 MOBELHE LN D, HiE
HOZEM 3 EREIL W ST B\ T 4.4 mm/4.8 mm(1
em/10 cm), $HHFTIC BV T 4.7 mm/5.8 mm (1 cm/10 cm)
ThHh.

PRE IS LT, BT AZRAT LN =2—-TF8
SUA v F—~ A ZEHFL, SATHR Y THEM L
b O LA A AT O WA RSB % BE T 25
S THAEZIT-> 7. Fig. 31 R-T LI, h=a2—7
12X ) R SN B IEHE T 23 A v F =< A 7 I —F
PN L, BEBLOCOBELDELICWASING.
FHRTHESE SEMNERE TR T 5720, Y27 A
TR 2R DTA - IR S, W O H H 72 1
RWF VR TH D, WAL BIEEOREEIZLD,
WA O RIFR LR RIREOEBIT NS L, B
TRELTHRTE S Z EPMEERTWEY, F72,
YAT7U—1ar hO—F &SR T RS
T5 28T, FH5REER L ORIGRES O i fe i a1

Exhaled air disposal equipment

Ihner mask

cannula

Fig. 3 Illustration of the radio gas inhalation and retrieval device.
See Iguchi et al ,
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25, WhE | ZFEBRIIR G SN FEIR G- & OFHED

WHETH B,

B R A R R R O BHINE, BEEEIIRIC ) 7 —
TNEEELTCERV— ME2HERL, —EinHE(E Ik
V— MRS CPO AR T £ T 1.5 mL/min THJ 10
431 ,70,-C"0, # W A 3.5 mL/min T # 10 7 )
THRBEBRIML L 2 2% 5, I A S a i 5 o e 513 > A
7 2 (BeCON Model 01, Molecular Imaging Labo, Osaka,
Japan) 2 % fE L C AL oh o> it BE e FEE iR % 51
L7

S A IR CT O et %, CPO W Al X % CBV il
EREM L, ity TP0, & CP0, »E KA & AT\,
CBF, CMRO,, OEF {ll5 % 17> 7z. DBFM " |25
CRMEZMEFEIAT) 72012, —EORBEHE A 2 o8l b
ik, WA, ED SN AT ¥ 2 — W IZHE - Tk
FIZERLD, Bty s —TlE—HOLRERIIBNTTF
BEENEENL 0, P0,-CP0, 5 O B ILSEATHT
S LY 0BER LTSI E Lz CP0 # A
(X 1.8 GBg/min T 2 7 A L, PO, & C"0, 1 1.8 GBq/
min TZNLI 1 3 A L7z, PET RGN A & [H]lk
R L, CP0 1 7.5 47 [, 0,-CP0, I 8.5 43 I L 4R
iro 7.

4. F—HunE

PET i 1§ ¥ ## B 1% % ordered subsets expectation
maximization (OSEM) ##(Z time of flight(ToF) % il 2.,
RA M7 4% &L THENE4 mm D Gaussian filter
7z, BRI P21 Model-based, Absolute scatter
correction ¥ %& V72", FERE R4 13 iterations: 4,
subsets: 21 Z Vv, ¥ MU 7 A A Xk 128x128, ¥ 7
VA A XL 3.18%3.18 mm, AT A AJEIE 3 mm & H
Wz,

1) A L 72 PET M {413 PC(Windows 7) IZHE 7% L,
DBFEM E&FIH 70 7 I 4 % o CHRFIH %
To7z. FEWL -8R i ihfg, B X oimH
NEZ O VR (Hb), BRI 2 EH#H0,%
Saturation), & 512, MHHFRERERHI S X 7 4
OFx)TL—arryrrsy—% AN, TEMH
Mr&AT-72. CBV I, WMAFILELZ00#EDS 4
G CPo Wit & MER L, IR IZHlE L 72 Bk
MR RE I % IV C CBV E= B R % 7B L 7-.
—H D P0,-CP0, 51247 2 B IR IIL A o8 2 AR 1,
delay, dispersion™®  BRFCHE B (H,°0) D%
AR A MIE Y 2L, BIIRA B % (Invasive
Arterial Input Function: Inv-AIF) % #372*. Delay ##1E
WM, BRI AP o B R & R 24 Toe ) w o e il
WA W TR/ 3 & 0 faifb L 72 delay i1
B 2 A S 2 L, delay OFEEEDSLOAER] &
KELEDLLR W L 2B FE 2T, dispersion fi IE£%
oo i3 #2508 L L7z, DBEM #1280 < EHE
% JA\»T CBF, OEF, CMRO, % & {5 %157z

2) /NS HRFEIB BT 2 G BRAH 7 2 — & HLFRME

%, WTFTOFIETHE. SRIME=FT clifdT 2
A O E L, BT ERE 10 10 PET 2% & W
BREDVFEWLCEM LA WHIZ MRIE & PET
%% EAQEDbE, MRI MG EIZ/EEE (cortex)
E/NREEE (medulla) ICFERET VOI 2 5¢E L, €
NZIUNIEERCH ST A — 2 lHEFHII L 72, VOI®
FRER % Fig. 4A (278 L7z, CBF [Hif%, OEF {4,
CBV W {§1Z BT /N & /N E O35 5% =
i, TEHERAE%E R 7z (Tablel). F 72, PET MALH:
A L FE RO % Fig. 4B (2R L7z, /MR
HENWMBEE DN T A —FEF AT, NNEIE X
RHERAED/NS L, BUEOREW E»r o7z, —Hik
FIIS S IRGHIIC V2 SR AL IR B IS b 5
T, AREEOMEPE SN DM E WL Z &
FLWIE XD, REFFECIR/NNEIE % S 5E
L CHW7-. =8 4E O F{E (Reference_value) 13,
JEBITED —EROFIGfE & 1T CBF %% 41 [mL/min/100
¢l, OEF%%40[%], CBV % 1.8[mL/100 g] % L
7o, 7o, BRI NE 7 0 ¥ U fE (tHgb) % 14
[hem/100 mL], EEZEAIFA1E (0,% Saturation) % 96[ % ]
ERELTZ

3) MEERIM IS X B HEE E = 5T E L BRI (non-blood
sampling) |2 & J& L 72 DBFM 7' 1 7 5 2 (DBFM-
NBS) & iV TAT o 72, BHEERE TR 5 2 NSHBIIR
(Sl PR ) S & /NI BE B SEI O R 22 B & Fig. 5 127K
L7z WSHBDIRFEIE & 13, NSEBIIR O I & S o
RRMLE LTI AOMRELRRL T 5. NEEIRN
AN B AN O FEIF AR, NSHB)IRY AN X5 A &
D AMANC 2~3 W50 HEER L 72908 TH 5. Fig. 5A

A. Example of ROIs on the cerebellum for Reference Value

PET image MRI image

o £

[ - d
' & reg 3
%cortex

medulla

B. Scatter diagrams for Reference Value | e meduia

O cortex
CBF{mi/min/100g] OEF%) CBV[mi/100g]
100 80 8
80 o 60 ®°
o
€ f ; & 40 ° e 4 8 0(9
40 o« 9 9‘ ° o )
20 20 o %%
0 0 0
0 50 100 0 50 100 0 50 100
Age [y.o.] Age [y.0.] Age [y.o.]

Fig. 4 Example of regions-of-interest selected on the cerebellar
medulla and cerebellar cortex regions as the reference
(A). B represents quantitative CBF, OEF, and CBV values
obtained with the arterial blood sampling method in the
subject group, which was used to determine reference
functional parametric values. Of the note is that the
cerebellar medulla region demonstrated smaller age-related
variations as compared with the cortex region.
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Table 1 Functional quantitative values in the cerebellar cortex and cerebellar medulla

CBF OEF CBV
[mL/min/100 g] [%] [mL/100 g]
cerebellar cortex 53.9+%11.3 469=*5.6 348*0.5
cerebellar medulla 40.8*5.7 39.6+4.5 1.84%0.2

CBF: cerebral blood flow
OEF: oxygen extraction fraction
CBV: cerebral blood volume

A. Clear pattern (carotid artery area)

KW S

slice 29 slice 30

B. Clear pattern (Reference area)

e

C. Crossed cerebellar diaschisis pattern (Reference area)

Slice 30

Slice 24 Slice 25

Slice 31

&

Slice 32

Fig.5 Example of regions of interest selected on the internal carotid artery and on the cerebellum region as a reference in this study. A
shows an example of regions-of-interest selected on the petrous part of the internal carotid artery, which generated C, (t) and C,(t) in
eq.1. The software displays a single line as a border between the inner and outer regions-of-interest, from which the inner covers the
whole region inside the border and the outer covers an outside region of the line with 2-3 pixels. B represents an example of regions
of interest on the cerebellum region as the reference. C shows another example of regions of interest selected on the medulla part of
the cerebellum in a patient who demonstrated the crossed cerebellar diaschisis.

IXNSEBIARASBHIE 72 5], Fig. 5B (& /N B 2SR 72
B, Fig. 5C IEHRMMBIRFEIL O AEIEIZ L 1) /N
M AME T 35 crossed-cerebellar diaschisis (CCD) %
ELTVHERT. TXTOREFIIBNTLELD
M ICRRE L, 2O RY 3EHE L Eichzo
I % %% L72. DBFM-NBS & FRtFimIc ko &
PET {5 &7 & Bk A JJBI%L (non-invasive arterial
input function: Non-Inv-AIF) #5145 L, & 512 DBFM
P2 & 0 IERERIC CBV, CBF, OEF, CMRO,
EERMREFEL L2

5. P&

BT A (AIF OFEE)

Inv-AIF & Non-Inv-AIF O—3 DL % $LH A9 |2 5FAfh
L, AIF @ li# FIif& (area under the curve: AUC) D F-HL
1%, B LU ATF AR OFEPSEE 2 MG L7z, AUC 2 i
FHIL, AIF E'— 7 [fif& (AUC,,) & LT, PO, ($#5-Flh

25 90 0, €70, 13 70 V1, AIF 4xfA581% (AUC, )
E LT, Po, B GEE 2 5 360 B, CPO, i 140
% 72, Non-Inv-AIF @ AUC % Inv-AIF ® AUC T
BB L2 TEL, Iz AUC OF B (AUC ratio)
ELTHWA(K2). AIFERO M E X AUC,,, D
mmmmmﬂﬁé%%%ﬁmt,ﬂ3fﬁLtﬁﬁﬁ

& DML (similarity index: S.1.) 3K 72, Fig. 6 12
AUCﬁUfﬁl%w\Lt

AUC of Non-Inv-AIF

AUC ratio=——"—"—"—— ==+ G2
AUC of Inv-AIF A

AUC,,./AUC.,, .1 of Non-Inv-AIF

pea

A UC])eak /A UC()vemlI Of I}’ZV-A IF

Similarity Index =
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Fig. 6 Two ways of defining the areas under the curve for evaluating the accuracy of the PET image-derived arterial input functions as

compared with the invasive blood sampling-based method.

R B (EE2EDIEE)

BYIRER M7 & BEFRIM T D 2 TR - E = WIR I3 L
THBEIMIZMOEEH A X5 24TV, Kid & OV
I\ VOI % 3% 78 L7z, Wi{EMATY 7 87 = 7 Pmod 3.5
(PMOD #:#) #FH L, Fig. 7 12/7% & 912 VOl % i%
% L7z, KIMIZBIT 5 CBF, CMRO, CBV, OEF D%
& (absolute functional values) # 51l L, BhARFRIMZ:IZ
L Bl A Mk m i, ML TR E i & e
EmfHE L7z, S512, I/ MEofETCIERALL 72
FHXHE (relative functional values) & 2 L 72, BhIRERIM
B R D 2 BT/ 5 N2 Bl 0 257% (Difference)
[%] &4 12X DA L7z, #EdlZ Difference, I
2 OO T3ME % vy 72 Bland-Altman 71 v %
L7z, 428D Value ,, (TENIRERILEE TOEAH,
Value v, 1, \ZEEFRIMETOMEE AT L7z

(Valueye, - Value,,,)

Difference= %100 - 4

Value,,,

20 JEFIZ BT 5 Difference DFIEONA 7 A) L1E5
> % (standard deviation: S.D.) Z 3K &, BIRFRIMDE: & MEER
MFD 2 HEOEDKREL LT, ®IEDd 5 T HE (paired
t-test) T 721x 7 4 )V 3 7 Y ¥ OFF AR E (Wilcoxon
sined-rank test) 7o 72, F 72, BYIRIRIMLGE: & MR M1
OFAEIZ L TE TV » OFEEAHE (Pearson correlation

Whole Cerebrum

Cerebellum

Fig.7 Example of regions-of-interest on the whole cerebral
region and on the cerebellum region.

coefficient) F 7213 A ¥ 7 < > DA AH R % (Spearman’s

rank correlation coefficient) % > THIE (correlation) DA

AT BRI 5% T W

T C (SRR REE DR & KINEEEDREDIEE)
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BREH YT 2 — % O(EME% AJ) L7z, Reference error
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B (FEAKRE 5%) % vy THIBE (correlation) DA M % 3

~7z.

(Value,m,-Reference_value)
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Fig. 8 |20 S EHD MRI Fiff 2R L72. MRA IZCTAH
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1% (diffusion weighted image: DWT) |2 TH/N 72 I AR 2E 0572
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KIEBN BT 5 EYIRIRIM L & BRI T 72 2
1%, HLHEZ AR (count base method) % #LE [ |2 FEAM
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ER I WHEDE S R B & S s e (CP0, 2
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D D% (count-based OEF) % 1Ek L 7-.

Fig. 8 Example of MRI images in a patient who demonstrated the
misery perfusion.
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Fig. 9 Visual comparison of the arterial input function (AIF) between two techniques, one with the non-invasively estimated PET image-
derived AIF (green) and another with the invasive continuous arterial blood sampling (red). Data are presented for 20 representative

cases.



Table 2 Result of accuracy of PET image-derived arterial input function

®E
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AUC ratio of O, Similarity AUC ratio of CO, Similarity
Peak Overall index of O, Peak Overall index of CO,
Sub.1 0.60 0.59 1.01 0.77 0.82 0.93
Sub.2 1.03 1.14 0.90 1.19 1.24 0.96
Sub.3 0.72 0.77 0.94 0.85 0.87 0.98
Sub.4 0.75 0.74 1.01 1.05 1.08 0.98
Sub.5 0.84 0.91 0.91 0.98 1.01 0.97
Sub.6 1.05 0.91 1.16 0.92 0.98 0.94
Sub.7 0.65 0.84 0.77 0.79 0.95 0.83
Sub.8 0.87 0.92 0.95 1.00 1.07 0.93
Sub.9 0.93 0.89 1.04 0.97 0.98 0.99
Sub.10 0.76 0.82 0.93 0.93 0.97 0.96
Sub.11 0.73 0.73 1.00 0.83 0.89 0.93
Sub.12 0.65 0.93 0.69 0.87 0.93 0.94
Sub.13 0.84 0.90 0.93 0.97 1.02 0.94
Sub.14 0.85 0.98 0.87 0.96 1.00 0.96
Sub.15 0.70 0.81 0.86 1.07 1.14 0.93
Sub.16 0.84 0.86 0.98 0.89 0.97 091
Sub.17 0.89 0.92 0.96 1.15 1.14 1.01
Sub.18 0.86 0.76 1.14 0.90 0.96 0.93
Sub.19 0.96 0.93 1.03 1.00 1.03 0.97
Sub.20 0.80 0.78 1.02 0.97 0.96 1.01
Average 0.82 0.86 0.96 0.95 1.00 0.95
S.D. 0.12 0.12 0.11 0.11 0.10 0.04

AUC: area under the curve
S.D.: standard deviation

i =

1. AIF D¥sE

Fig. 9 I[CEIIRIRIIC & D #5517z Inv-AIF (RAR) & 4
PRI X 1 1% 5 72 Non-Inv-AIF (F6#) % 7% 3. Table
212, ¥—27#B AUC ratio, 43k AUC ratio B L IFS.I. %
RY. "0, AUC ratio I3 ¥ — 7 3B L & ki2 B v
T, 0.82*0.12, 0.86+0.12% 7~ L, €0, T 1095+
0.11, 1.00£0.10 T & - 72. S.I. 1X "0, #50.96*0.11,
C"0,750.95+0.04 T, LIZEEERL, S.D. b 0.15 K
Wi C/hNE o7z,

EEEDEE

Fig. 10A |2 =H® Bland-Altman 7 v N 27K
UL, 20 BB BT B, BIRERILE: TH 724
XPEmfE & MERIME TR - e e R lORETRY. FE
FRIL 20 BIOFRZETFIGME N A 7 A), HMITREDITH
D& (SD.) %KL, CBEFA¥2.7%*18%, CBV »°—4.3%
*18%, CMRO, #°5.7% +19%, OEF#°—6.6% *11%
T& - 72 (Table 3). Paired t-test Tix, OEF O AEIIREE
I & EEERIME D 2 BRI A B 2 2 (p<0.01) Z R 72,
2 HERNC BT 2 HHEIRIFRIZ, CBE & CMRO, 2B WTH
H BB (p<0.001) 328 72

Fig. 10B |2 (Z/Mix CIEHAL L 72 A& @ Bland-Altman

Tay bERT. 4 ODORERERAHE ST A —-F DT
TIZBWT, BEONA T A1E2.0% A0, S.D. 1£3.0%
LUFC® o 72 (Table 3). Paired t-test Ti&, CBF O AHE)
WRBR ML & MEFR I3 0> 2 FE 1A B 7 22 (p<0.05) % 72
D7z 2EHIC BT ZHBBERIE, 40D F7 X =D
ft«\f IBWTHEZRMHBIBER (p<0.001) % 5RO 72,

. BERESREEORRE S KREEEDOREDEE

Flg. 11 (/MR AR 72 4 [mL/min/g] % 0.4 725 0.6 12
AL S 7284 D Non-Inv-AIF %785 [tniffﬂfifiﬁﬁffk‘:
WA AIF OB S 25K &, MRAGEMED =6
2 AIF O S AVNS CAfEL 72,

Fig. 12A (ZRWFZE T L 72800 20 %1281 5/
i 8 AR o A & BRI TR 9. BkdiE 20 oD 9
5, WSRZIIEIC X ) CCD AEBI & HIk S L7z 6 B %
XEITRL, ZOM% @HIT/RL7Z. 20 BlOFH /N

B ERAEIX, CBF 2BV T 41.2%7.7[mL/min/100 gJ,
OEF 2BV T 42.1£54[%], CBV IZB VT 1.94£0.28
[mL/100 g] T - 72. Fig. 12B |2, WHE 20 Bl /N
W OHfxF E Bl & AR EE & @THE (Reference error) {Z
w45, KNEREDZZE (Difference) % B X TmR L
72. Reference error & Difference D fEIZ Y 7V » OFE
B2 B\ T CBF, OEF, CBV & b I2H # 2 AHBI R
(p<0.05) % FBDH7z.
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A. Difference in absolute functional value (n=20)

1 Difference : 2.7%+ 18% (n.s.) 2 Difference : -4.3% % 18% (n.s.(Wilcoxon))
( ) CBF correlation : p<0.001 ( ) CBV correlation : n.s.(Spearman)
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B. Difference in relative functional values(n=20)
(1) CBF (2)CBV

20% Difference : -1.4% %+ 2.3% (p<0.05) 20% Difference : -0.18%%0.69% (n.s.)
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Fig.10 Bland-Altman diagrams of absolute and relative functional parametric values of (1) CBF, (2) CBV, (3) CMRO, and (4) OEF
obtained from 20 subjects for regions-of-interest shown in Fig. 7. In Fig. 10A, results are shown for the absolute quantitative values,
and in Fig. 10B, results are presented for the relative values in which the cerebellum region was used as a standardization in each plot.

Table 3 Summary result of the accuracy of absolute and relative values
of CBF, CBV, CMRO, and OEEF, for the whole cerebral region,
estimated using the PET image-derived arterial input function

Absolute functional values Relative functional values
Bias S.D. Bias S.D.
CBF 2.7% 18% —1.4% 2.3%
CBV —4.3% 18% —-0.2% 0.7%
CMRO, 5.7% 19% —-1.2% 3.0%
OEF —6.6% 11% 0.2% 1.3%

CBEF: cerebral blood flow

CBYV: cerebral blood volume

CMRO,: cerebral metabolic rate of oxygen
OEF: oxygen extraction fraction

S.D.: standard deviation
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Fig.11 Estimated PET image-derived arterial input function for different CBF values assumed as CBF=0.4, 0.5 and 0.6 mL/min/g in the

model formulation.

A. Absolute functional values in cerebellar medulla

@ patient(n=14)

CBFmi/min/100g] OEF= CBV[mi/100g] | X patient of CCD{n=6)
100 average : 41.2+£7.7 80 average : 42.1+54 average : 1.94+£0.28
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B. Error propagation of reference errors
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Fig.12 In A, CBF, OEF and CBV values in the cerebellar medulla region in the 20 subjects as a function of the age, both in the control
lateral and the crossed-cerebellar diaschisis side. The quantitative values in the cerebellar medulla varied between individuals, with
crossed-cerebellar diaschisis case falling within the range of variation of the other cases. The individual variation over the individuals
was greater than the difference between the two groups. B shows error propagation of errors in the assumed functional values of CBF,

OEF and CBV on the estimated CBF, OEF and CBV values.
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WIKHE - HEDa Y P A FOIRT, £5I2CBFR
CMRO, JE 7 B {§ & XA A3 5 7% o TW/z. Count-
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Fig. 13 Typical comparison of functional CBF, CMRO, and OEF images obtained with the invasive-arterial input function (A), PET image-
derived arterial input function (B), and count-based techniques (C) in a patient with the misery perfusion. See text for details.
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B, FARIZBUT HIE5D &N, MR ERMEOE
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12B). L72H->T, AAZICL DM ERMEOIES D
EDVL VNS OBREEE Y WD 2R, REEORHE
Lad7H) T L& SHITMET L, MRS X 2 2wl
EREON L2 HIg RS/ ZEN 5.

FEEREI#ED 5 B 6 Bllx CCD IERITH - 72. CCD JiE
01 R R B DR BESS 0 AT 2B 12 & > TRMED/IN% O I S
KFF 2720, DMRSIREICL 2 EREOHENKEET
»bHEFHRINTD, KW THW CCD EERNIZ B W
TR/ D ILFAE L Z OMORER] & LN TR E L%
LI 7 H > 72 (Fig. 12A, B). 24U, /M EIZ T
EEMEDEEH/IN S VNN SR A R E L, »
DA T E NI L LY, CCDIERIZBVTY
fDFER) & FFREDORREFAICINE o Tnb EEZ b
L. Atk EBIE RIS &, CCDIERIHE L F oo
JEGIEE & o LG % A, CCDERNI x5 M
EOBIGOT MR S Lz, F72, AWfgeTld
BRI EIIRR O MAEFEE I L ) /MR KE KT 5
FEBIR>, /NSRRI T A A MRBEIE T T
T BHOHD LORE L7/ NNREM D 5 KR ICTEEES
LY, WRIMEGOE & EHEEREIIRT T2 L
WFEBEDSLETH L. RSO MR E =TI, 3%
LR NSHENIRFIZE 2 EoMEEEICL ), PETH
5§ A NSHENIRSEARTBATREREA T REO S A1 BV T D,
IV FHRoOBIIRINE % H VT Non-Inv-AIF 2B L, 4
RINEEMEEE5 2 L3R THDL EEZONDLD,
ZOELEFHMI S HOMETH 5.

FRRo X, BRI & B AR E B & R I
FECHHEEERMO 2 BEMIZB VT, CBF, CBY,
CMRO, I A E 2 IO LR WA, R+
20% Td Y (Fig. 10A), HE OBH CHiE % 2773 %
CENEBTH D LITF V. FFIZ, OEFIX 2 HE/
WCBWTHRELEXRBOBREDTHMIZ-66%=11%
Thor:.

—77, /N TIEHAL L 72 5B IR 2 DN A 7 AT
20K, FRED S DAL 3% LNTH O, FxHiE I [E S
DE%ER L7225 (Fig. 10B). BIIRFRIILE: & ME5R 1
EO2 M T L7245 2%, M CBFHIZ -1.4%
23N THELENRDODONTZL DD, ZTOFEITMD T
INE o7z F7z, A CBV, X CMRO,, AHk} OEF
(EEARERIME: & EARIMEE CH BRI R, ZTORBAEH
Z3%LNTHo72. 2oz e Xy, Ak, EHk
S - AL 2 & OMIRHIE TIXBIARER IS & —F L 721
MEOd LHESES N, HEMICLFESFI Y T A b

DOWEEIPESND T EPHS 2 % 572, Fig. 13B 1R
L7zeBh, BUNZBT 2 MM T & BRREENEOTT
B L OMAEILEZ & OB A, HERRIME{RIZE W
T H BARERIMME (R & [FIBRICAS 5 N5 TTREMEAVR S 7z,

WFIZFER L 7z COSS fFE T, H,”0 & "0, Wik
DFCEI OINE TSI X 2 BHEEEMH W S 7278,
Iwanishi & O Tk, MEIZHVAMES 1327
BLOHIEIZX > T, OEFE{EOFFIRELE TV VT
A NBEALT A EEINTEY, 0,4 100 #1H, "o,
25 180 I OISR S feadi 72 & Sz, F72, Hpliz
IREEERIC X 2 8- ClE, W RA R 5 ] REMEASE
AbNDEREEIN. Fig. 13CIIRL2E B, Hil
s, B2 L= =gz mL, C°0, I
%L CBF, "0, AW & CMRO, % /LT 5L, JKH
B HEOHBARLY, E{gEo3y M T A MHILL
TWAB I EFEBEMIZHS N TH L. Lizd>T, Hil
TN (%2> 5 1%, CBF % CMRO,, OEF &\ 72 Jifi5E
R#=NNT 2= SR LFEEOE G Y b T A MIHS
Y, BIRERIMIC & 2 e m ik & /2558 72 2 ISR
BULETHL, ZO1E2»\2, FEMMICEREL2ES
HEE LT, &50LOFEUL 7 AIF OFHHE % v
7z population base @ AIF # FIH L7z 5 :d & 1) 15525,
il % DIEF T AIF 2 EE RN 2 AR08, L0 IR
GEEIY NI ANPEONDL EEZLND. B2, B
BOFP TR IZALL, #EHRE L TATBEEIMLOE
BIEIGRELSELLZLGED LIF LIRS 5720, #IC
FEUTELHEPEFE L WEEZ LN,

A alBA%E L 7- MR E = AR CIE, RRio &9 2k
FEORAZED L0, BIRFMET4H 912 PET
BRI LENRATIBEEZER L, CBV, CBF, OEF,
CMRO, O IEER /ST 2 — ¥ WH{E S SNz —
FT, BIIRIRIMICED CFFEIZBWTH, TR
ez ERMICFHIITEX B L WbhN e s, HiEO L EE
EC T EICRR DY, RBEDZERW AR & VAR
L7z d H 505, Mk Emibic & OfREDIEL LD
LOMPDVAPETH D, Tto HIXEIN 11 figk 2 Bi1F 5 70
SO WIEBR A HE = O EB AL Z TV, AD
CBF, CBV, OEF, CMRO, E&EDIEH D XA 15%
AR L, BEAMRMAB 25 L /2”. £/ CBF
FEDIR I ERAL 320 (PaCO,) DZEALIZHIRE L 2L
20720, BIZEEHBEBHRRO 7 2 — 2w A7 D
WX o TY A7 NOBRGIREED 2 1), B ORI
REDZAL AR 5 AL L TV BT RENE b ™ &
nNCTwW5, WEL L IRIREIC BV TH CBE, CMRO, I2
BOWTHELRENHL L ENSE, ZokHIC, FHtE
DFRFETZT T, AR ZER) S S L T 2k
IS 72ZW21E, BOTERANHLEELZ O
b, SHREGIHETHZ LAk HN5.

AN BT 2 BRI =R E, 2 O i 2 5l
RIS RAII R E L B EOZ UK T2 3
DTHDHN, %L DT — 5 N— A% &K\ HY) 2 EHEE %



®E#

M2 2L THRENMEL, BRICH 2 TSR
B4 2 fetr€ 2z onsz. $/2, ERIMERFIET
G BRI/ 85 X — & Wi{§IE, BYIRERILZ £ - 72
T—)V RAY ¥ ¥ — FOffixtwmiif & RIS

Iy T AMPELN, HAMEGRIEL 3L, #EI
TN RIS & 2 BHREEAM & 2% &K & e
MRS 7z, ARWFZEIC L0, MEBR I E 5 105 0 B AR A
NOWEEWDIL S EE 2 b, BRI Z W+ 2
AN AR RN B S K% 7 PO- 7T A PET A DRI T
WCBWT, FICREZHWLZLoEFRIIREVEEZ
5.

iiE 5

/NN SRR BT A FREIMBYBIIR A T B 5L, BhARER
M & BEIRA D BEEE FE %  BBWTETH Y, 55
N7EREIL 2 20%REORERE TH o724, Tt
BeRB A OIX 52 X TR EN/. RETHATS
RSB % ik s 5 2 & ¢, MERRINEEIC X 5 ERmEO
EH 4 LUENE IS, IEHALIC X SR ERICB
Wi, ZIZFA—0a Y T A D TEMERHE ST
A — & WG & N7z, PO-H A OB 2 N i {5 &
FNOODOMEE NG L, HOMmG & OO
TUHESMERTE /2, ERIERERIE, TV RS
V¥ — FTH AR & 5 ERFE G E OB FE
fRan, ERRMZ PET W{EZ WA OWRELERS Z 0%
By, SoLiH0AMFEEND. T2, BRI
BEEICL ) S F TRIDNRE 5 b o 7HERITOM
B EAIR A O BEMEAVRIE S 7z,

LI

E G BREFRII T > & — BT RRES (B2 12 A AR 2=
WA OO LKIE, R CRBcsEL %
DIZHD F L2, AIRICBW TS KRR DEE W
PPNl RO DR L P ET.

I FIER DR
=L
3 Wk

1) Frackowiak RS, Lenzi GL, Jones T, Heather JD: Quantitative
measurement of regional cerebral blood flow and oxygen

metabolism in man using O and positron emission
tomography: theory, procedure, and normal values. J Comput
Assist Tomogr 1980; 4: 727-736.

2) Mintun MA, Raichle ME, Martin WR, Herscovitch P:
Brain oxygen utilization measured with O-15 radiotracers
and positron emission tomography. J Nucl Med 1984; 25:
177-187.

3) HImEE—, BRI, RA3CE, KEE, FRANE,
FRFHZER, At PSHBIIRR O 1 P ZE PR B O R B A
A —HL B IR — NEHEIRM & 15 O #5122\ T O RRET
—. MEEE 1987; 24: 809-815.

4) JET Study Group: Japanese EC-IC Bypass Trial (JET Study)

5)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

58 % 1% (2021 4E)

R AT (BE ) . NS 4F 2002; 30: 434-437.

AR, KARIELR: W {EZ W PET. H EF 2014; 72:
562-567.
[IRFEZ © I EE O PET, SPECT. D #H W & 2019;

270: 714-719.

Hosoda K, Kawaguchi T, Shibata Y, Kamei M, Kidoguchi K,
Koyama J, et al: Cerebral vasoreactivity and internal carotid
artery flow help to identify patients at risk for hyperperfusion
after carotid endarterectomy. Stroke 2001; 32: 1567-1573.
FPERE, RFEBR VI IANT Iy IRy 7R,
FHICHE (T 2, B E A KR GBI 6) R Y b >
CT. HILEEIE, H 1989: 80-82.

Hall R: Vascular injuries resulting from arterial puncture of
catheterization. Br J Surg 1971; 58: 513-516.

Powers WJ, Clarke WR, Grubb RL Jr, Videen TO, Adams HP
Jr, Derdeyn CP, et al: Extracranial-intracranial bypass surgery
for stroke prevention in hemodynamic cerebral ischemia.
JAMA 2011; 306: 1983-1992.

Iwanishi K, Watabe H, Fujisaki H, Hayashi T, Miyake
Y, Minato K, et al: Evaluation of utility of asymmetric
index for count-based oxygen extraction fraction on dual-
tracer autoradiographic method for chronic unilateral brain
infarction. Ann Nucl Med 2009; 23: 533-5309.

Carlson AP, Yonas H, Chang YF, Nemoto EM: Failure of
cerebral hemodynamic selection in general or of specific
positron emission tomography methodology? Carotid
Occlusion Surgery Study (COSS). Stroke 2011; 42:
3637-3639.

NN - B2 O/VEHZ BT A EBM :© JET study % H0s
(2. RS v — 9L 20015 10: 596-603.
Zanotti-Fregonara P, Chen K, Liow JS, Fujita M, Innis RB:
Image-derived input function for brain PET studies: many
challenges and few opportunities. J Cereb Blood Flow Metab
2011; 31: 1986-1998.

A2 AN E B E L. Med Img Tech
2008; 26: 21-25.

FELIRE R, BRIE N, SR, BB AR,
BT, M 0-15 ' A PET (25 1) % BRI % HE
B L7z AT B BafEE ik o2 24 k. B BR AR 2013; 24:
33-37.

Hori Y, Hirano Y, Koshino K, Moriguchi T, Iguchi S,
Yamamoto A, et al: Validity of using a 3-dimensional
PET scanner during inhalation of ’O-labeled oxygen for
quantitative assessment of regional metabolic rate of oxygen
in man. Phys Med Biol 2014; 59: 5593-5609.

Iguchi S, Hori Y, Moriguchi T, Morita N, Yamamoto A,
Koshino K, et al: Verification of a semi-automated MRI-
guided technique for non-invasive determination of the arterial
input function in “O-labeled gaseous PET. Nucl Instrum
Methods Phys Res A 2013; 702: 111-113.

Kudomi N, Hirano Y, Koshino K, Hayashi T, Watabe H,
Fukushima K, et al: Rapid quantitative CBF and CMRO,
measurements from a single PET scan with sequential
administration of dual "O-labeled tracers. J Cereb Blood Flow
Metab 2013; 33: 440-443.

Kudomi N, Hayashi T, Watabe H, Teramoto N, Piao R, Ose T,
et al: A physiologic model for recirculation water correction in
CMRO, assessment with "°0, inhalation PET. J Cereb Blood
Flow Metab 2009; 29: 355-364.

lida H, Jones T, Miura S: Modeling approach to eliminate
the need to separate arterial plasma in oxygen-15 inhalation
positron emission tomography. J Nucl Med 1993; 34:
1333-1340.



22)

23)

24)

25)

26)

®E#

lida H, Kanno I, Miura S, Murakami M, Takahashi K,
Uemura K: Error analysis of a quantitative cerebral blood

58 % 1% (2021 4E)

for a continuous blood sampling system. /[EEE Trans Nucl Sci
2003; 50: 70-73.

flow measurement using H,"’O autoradiography and positron 27) E¥PRE, LAAIR D TRPTMIER LA #HO~ v ¥
emission tomography with respect to the dispersion of the 7. HIEE I, BUHEFEIRR FE 6) K b
input function. J Cereb Blood Flow Metab 1986; 6: 536-545. > CT. HlEE, HE, 1989: 158-160.

Iida H, Kanno I, Miura S, Murakami M, Takahashi K, 28) fRHIFH, AEEZ, ZEi&f (WHEH, HRESH
Uemura K: A determination of the regional brain/blood ¥ I U T T REGALT 5 (2) Ml AT X PET A2 T
partition coefficient of water using dynamic positron emission T N & EER 2012; 17: 119-126.

tomography. J Cereb Blood Flow Metab 1989; 9: 874-885. 29) Ito H, Kanno I, Kato C, Sasaki T, Ishii K, Ouchi Y, et al:
Iguchi S, Moriguchi T, Yamazaki M, Hori Y, Koshino K, Database of normal human cerebral blood flow, cerebral blood
Toyoda K, et al: System evaluation of automated production volume, cerebral oxygen extraction fraction and cerebral
and inhalation of “O-labeled gaseous radiopharmaceuticals metabolic rate of oxygen measured by positron emission
for the rapid *0-oxygen PET examinations. E/INMMI Phys tomography with *O-labelled carbon dioxide or water, carbon
2018; 5: 37. monoxide and oxygen: a multicentre study in Japan. Eur J
Kudomi N, Watabe H, Hayashi T, lida H: Separation of input Nucl Med Mol Imaging 2004; 31: 635-643.

function for rapid measurement of quantitative CMRO, and 30) Grubb RL, Raichle ME, Eichling JO, Ter-Pogossian MM: The
CBF in asingle PET scan with a dual tracer administration effects of changes in PaCO, on cerebral blood volume, blood
method. Phys Med Biol 2007; 52: 1893-1908. flow, and vascular mean transit time. Stroke 1974; 5: 630-639.
Kudomi N, Choi E, Yamamoto S, Watabe H, Kim KM, 31 e N EREFORMINGTE B X OB ACH &

Shidahara M, et al: Development of a GSO detector assembly

A 1989; 41: 919-925.

Accuracy of Non-invasive Arterial Input Functions and Error in Quantitative

Images in the Cerebellar Reference Method
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Purpose: We developed and validated the accuracy of a method to calculate the arterial input function (AIF)
from PET images only, without the need for the arterial blood sampling, in the absolute quantitation of functional
parametric values in O- gas PET examinations. Methods: We extended the method reported by Iguchi et al. (2013)
to derive the arterial input function, thus absolute quantitative functional parametric images of cerebral perfusion
and oxygen metabolism by a reference tissue approach. We compared shapes of the AIF and reproducibility of
the absolute functional values. Existing test data that were carried out with the continuous arterial blood sampling
were used for this study. Results: The estimated AIF shapes agreed well with those estimated from the continuous
arterial blood sampling. The error range of the absolute quantitative values was approximately =20%, with a
fairly well reproducibility in the relative values being less than 3%. Conclusion: The AIFs by this method were
reproducible. Although the absolute quantitative values varied depending on the assumed functional values in
the reference region in individual cases, the relative images showed fairly good agreement with the results from
the standard technique that employed the arterial blood sampling. The present technique may provide significant
contribution to clinical examination.

Key words: *O-labeled gas PET, arterial input function, non-invasive quantification, cerebrum oxygen metabolism



