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Summary

We determined the myocardial metabolic rate for glucose (MMRGIc) in the ischemic or infarcted
myocardium using 18-F-fluorodeoxyglucose (18-FDG) with positron emission tomography (PET), and
studied energy metabolism in the ischemic myocardium. In some cases, we compared glucose meta-
bolism images by 18-FDG with myocardial blood flow images using 15-oxygen water.

Two normal subjects, seven patients with myocardial infarction and four patients with angina
pectoris were studied. Coronary angicgraphy was performed within two weeks before or after the PET
study to detect ischemic areas.

PET studies were performed for patients who did not eat for 5 to 6 hours after breakfast. Can-
nulation was performed in the pedal artery to measure free fatty acid, blood sugar, and insulin. After
recording the transmission scan for subsequent correction of photon attenuation, blood pool images
were recorded for two min. after the inhalation of carbon monoxide (oxygen-15) which labeled the red
blood cells in vivo. After 20 min., oxygen-15 water (15 to 20 mCi) was injected for dynamic scans, and
flow images were obtained. Thirty min. after this procedure, 18-FDG (5 to 6 mCi) was injected, and
60 min later, a static scan was performed and glucose metabolism images were obtained. Arterial blood
sampling for the time activity curve of the tracer was performed at the same time.

According to the method of Phelps et al, MMRGIc was calculated in each of the region of interest
(ROI) which was located in the left ventricular wall. MMRGIc obtained from each ROI was 0 to 17 mg/
100 m//min. In normal subjects MMRGIc was 0.4 to 7.3 mg/100 m//min. In patients with myocardial
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infarction, it ranged from 3 to 5 mg/100 ml/min in the infarcted lesion. In patients with angina pectoris
and subendocardial infarction, MMRGIc was 7 to 17 mg/100 m//min in the ischemic lesion. In this
lesion, myocardial blood flow was relatively low by oxygen-15 imagings (so-called mismatch).

These results suggest an increase of anaerobic glucose metabolism in the ischemic myocardium.
Determining the MMRGIc is useful for evaluating the viability of the ischemic myocardium.
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Fig. 1. Cross-section of Headtome III gantry.

The gantry comprises three 160 BGO detector
rings, removable shadow mask and septum collimator
units and scan drive machinery. The gantry is
suspended on the tilting mechanism.
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| Transmission scan I

I
C5-0 inhalation

| Cardiac blood volume scan I

H,%-0 15-20 mCi i.v.

| Myocardial blood flow dynamic scan l

BEFDG 5-6 mCi i.v.

| Myocardial metabolic rate for glucose static scan |

Fig. 2. Flow chart of PET study.
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Fig. 3. FDG kinetic model.
K =diffusion constant; C=concentration.
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Table 1. Subjects undergoing imaging of myo-
cardial glucose metabolism (**FDG)

Angina pectoris 4
Myocardial infarction 7
Normal 2
Total 13
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Fig. 4. Six regions of interest in the left ventricular wall.

H &R A 7.

St 43 50 b 69 5 E T ol E BB
11 flE, EFHHE 2 ploqt 13 ficsh s (Table
D). Btk R EBEE ONRE, FEMROE 4
B & FIEBRAK 4 BLLE 2B U LRI 7 4
T, 05 B 3 FNTTERBINR S A o~ 2 FRIE IS
By a2t &7 o1

& ES

E#EERETD FDG 12X 5 Dt »
— Y% Fig. 5 ITRT. EMALHILEA 2 —,
PR 2 =, BWRBLT—nA A —
TThDH. FEBIZONT, DX ROmER
WA A= XD OEREIRE B L. Table
2 (CHHER O ERBINRIE AT R & DA &
TR OGRS B XU, PalvES 11 b, &
FERBIRAT T 178: (LAD) ii2daiic 90% LA ko
WEERDLIfFO S H, LAD KEic—FL
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B TH - 7.
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S 1 0 Atk o DFFERH + x —Y % Fig. 6
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Tdh-olc. LAD G OLRETE, OHREH
21t 1~2.9mg/100 ml/min & {EfH % ;7 L7223,
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RLTWi.
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WO EfEZ R L (Fig. 7).
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Fig. 5. Blood flow images (left), glucose meta-
bolic images (middle), and blood pool images
(right) in a normal subject.
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FORBIIRD 75% Mk Rw iz, Fig. 8 LBIR
L7ziiiioRY ey CT T, LR 50
BEWZ 20 1F T OBALEIRIC B B DR REHERE
8.9~9.5mg/100 ml/min L& <, fhoHhi Tz
LAEOThHol. itk 1l n ATk (Fig. 8 T
B, OHFEAEHE 3 A B L FHI T 1~2mg/
100 ml/min W H{EZERL 7=

% =

LEF 4 ik C15-0, 18-FDG # i, L7 —
A 2=, DHEREA A - o flitd 2R A,
& HICRBTL B oM HEZ B L. %
7o Hpl5-O iz X 2.0MFILFEA # — ¥ OffiH b &R
Z7z. Ratib 5243, Y rey CT 2HwicA
X EBR TR OHFEREE LR . zosno
HlEE 1.7~21 mg/100 ml/min G Y, 27D
DEHBRBED L. ZORKFAELT, A XOR
B —FIR LNz EBbIFbhTVS. T

Fig. 6. Myocardial metabolic rate for glucose
(MMRGIc) in a case of extensive anteroseptal
infarction (Case 6).

MMRglc is 1-2.9 mg/100 m//min in the anterior
and apical lesions.

mbb, EFHOHHRTE, ZERICE, FeL
TR EzRHEE L L<HAHLTBY, 7Ky
FEoOFMHEB LT LELZORATVWEY. Zo
b, REEEZ—ERCLgThiE, P07 FygEe
BRI 0 EBI 23 Y, w0 & FHPE O S
DENRET B LR EhB.

Fx oRFT LI EEA 2 flo LR
i, 1 #ilix 1~2mg/100 ml/min, il o 1 4] &
6~7mg/100 ml/min TH->7z. ZHIEIHIFH TH
BRricHlE L7 FFA BEEThocz b &y, %
BERBICH-Tcz L BEZ BN, ZOREOEN
FME D 2RI BEES % LfE Sz, Schelbert
5M%, 4 XFEBREF LT 11-C palmitate D.0»
fli~o uptake % 7, ZERERRTOHICE SELY A
Fh iz 11-C palmitate 25, 7 F 5%
Wi OFERPBY LIt RELTWS. Fx D
BREHc B 2 DTERHROEOE VNG, =0
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Fig. 7. MMRglc in a case of extensive anterior
infarction (Case 8).

Blood flow images (upper) show decreased flow in
the anterior lesion (arrow). MMRGIc is 1.1-1.9
mg/100 m//min in the same region.
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ATP 2pEASH, =xAXF—RERDID, 7
FosofIAr#EmT3 L @E s L Twv 310,
Marshall 5104, B ICE T 5 O HILHFE &
B L ORRICo X, BEREMl I o w T 13-N
7vE=7 ¢ 18-FDG # W CHE L2, M
MOET LT 3 BILLHHA T FDG ol
ALBTLHELTWBHOH L L afgiEL, 5
Fohx “mismatch” LREATE. F72b B
HiRE DRI X B AL AN & EARAE R R 5
FELTRE LT, RATCE T 30/ 0SE I
X o TEELFHCET LRSS & 5 & RS
h, Lo, £ kv CT i X301
B X OMFIFE oA, OFERERE (viabil-
ity) oFlic EHETH D LWMELR. £z Til-
lisch 5124x, =5 L7 “mismatch” %2 L7
FEG] 8 G TEIRBINR S 4 X 2 FHF 2 AT L,

HE LD OFEREA A=V v

Fig. 8. MMRglc in a case of subendocardial
infarction (Case 3).

Myocardial blood flow images (left) and glucose
metabolism images (right) before (upper) and after
(lower) A-C bypass operation are shown. High
uptake lesion (arrow) disappears after A-C bypass
surgery.
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BRI T, AT hypokinesis 22 L Twiai»
KRB LR IIRBIER REEHCE L.
No0REY, FFX Marshall 5o Licn
b3 “mismatch ” IZHIRTAER L E 2 b
t, EREIRSA R2WFO L WBEISHFITH o2 L
HlgEhsd. SHITEH 6 DX I, REAL
FEEEHRL, RS TOLBEUSRME LA
EFRITEVEERR LB, EFR8 DX iz, #i
BEPORBEDBEEGIRE 27 L, RIEBALT DL
BEREERN 1~1.9mg/100 ml/min L5 ElE%
RLUIHITRE, DHOBRERIETLTWELE
xbh3. SEORFTE, OFERHREES
fEL LT RO, HiEOEFO6LED2H
FFA 3vwFhiBETH Y, REHROBRE R
BAR—Tholcl+5 L, LHERBIROHN
EEREYTSZ LT, OFLESAIESh TV

KEh, HOBRE, DHBREREZIMT N
TETHIZLETRRTEILNDLENE B.
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X, WERBRLRTNER L 2 W ERELxD
Y, TOERLZELTE, S5V 2»0R
BEARLZORBRTHS. LEALUTOLY &
FIEBRDBLVEETHS. Thby, 1) RE
REXFETHEZZ L, 2) HHRRES PRV
&, 3) MoEBERBRED HEBE EBRTE5Z
&, REDRTHBY. —F, BELARTITLRDL
hTtws 13-N 7o E=7Ic X 3 DMEIFERE
DA A E, 1) single pass extraction 23A -4y
ThBZ L, 2) 13-NH kit e LT
BYAENhBZ &, 3) 13-NH 73 7 @gimbiz
LT BZLARERHVY, zoERMICH
LTEELWET S BERHBY. Heid, BE
H,;15-O # T, Sobel & nh:ic¥e U5
WA A= 2BTWBH, LMFLHEOERICS
WTik B BREHRTHB. iz 11-C, 123-1 %
R olRBREIc o wT b, S%REtE
mx, BEAH, FEUERAH, OfFmImoskic X
Y, DIFO=FAX—RKFHzonwT, X ViEHAR
BREHERTH S.
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18-F-fluorodeoxyglucose (18-FDG) % T
DAY bry CT ZEfTL, RmEEs XOHE
EIIC BT 2 LHEREE LR, BiLHFox
FNXF—RFHZ > W TR LR 7 Hpl5-0
ERACTLFILTEA 2 — o 2Ry, O
RtA 2 — 9 L BRI LT

EFHE 26, DHEET I, U4 6% 55
EL, HIRERES 2L 6 B oiAiRiEE,
REBIRICIE & pelr, MRS, mEs,
A vRY ERE LI, transmission scan T
photon DRINEIE %772 o7=. C15-0 BAIIZ X
BTSN A= EEBRE, 152wl 20mCi
o Hp15-0 ## L, dynamic scan #4374\, =
ho XV DFA 2 —C 2Bk # 30 5
T 18-FDG 5-6 mCi ##EL, %o 60434 Xk
b static scan Z{Fievy, OFERH#A AT %
B7-. Hy15-0, 18-FDG Ww¥hoigd b, Bl
I o> tracer ¢ time activity curve #78, —h
5XY, £EiE Phelps & DX % v TOMHER
HELEHLE FLEE=#—FT, FE L
T, EEBIRETRSRIC 6 » BT o BLEEY RE
L, B#RATTOLGERHRE RO LHFRY
bey CT TRtk 2 RN ICEBIIREE 2
HEATL, ZThicX V#EESh3mifie v UIidEEE
DHERAL &, S RIEH U0 iR % ik
L.

MREERRT X Y B o hiopERERI 0~17
mg/100 ml/min D% EBHL 2. EH F T
0.4~7.3 mg/100 ml/min Cd - 7z. FGEER T
BEELEX bR 5 AL TE 3~5mg/100 ml/
min 58U, PCSERER & ODRETEES Tk
7~17 mg/100 ml/min LEEE R+ HbdH -7
ThHOFTRLHOTIETFT LTV 2ol
FHEEAHR OE LB LU 1 3 1) 5 R A
DILEERT LD ELEZ bR, YUEKEAL OGO
Bz X 2EEIRLEASETHS ) L#EESH
fe. LeBoTFDG iz k308 by CT
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