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Abstract

The relationship between oxygen consumption and iodine-123-beta-methyl-p-iodophenyl-
pentadecanoic acid ('PI-BMIPP) washout at rest and after exercise was investigated in normal and
ischemic myocardium. Sixteen healthy volunteers and 14 patients with ischemic heart disease were exam-
ined. After injection of 111MBq of '*I-BMIPP, serial single photon emission computed tomography
imaging was performed to evaluate washout ratio after 30 min and 1 hour of rest and after exercise.

In the volunteers, the mean washout ratio was 3.31+3.5% after 1 hour of rest and increased during
exercise. The exercise washout ratio showed a better correlation with net pressure rate product (net PRP :-
cumulative values of PRP during exercise) than with the peak PRP. The exercise washout ratio showed a
strong correlation with the net PRP in the range from 180 to 300X 10 mmHg * beat/min and a plateau of
10-15%. In the nine ischemic patients with net PRP2300X 10* mmHg - beat/min, the exercise washout
ratio values were significantly elevated in normal segments relative to ischemic segments (10.1+1.9% vs
4.7£2.9%, p<0.001). In the five ischemic patients with net PRP<300X 10* mmHg * beat/min, wash-
out ratio at rest and after exercise did not differ significantly between normal and ischemic segments.

I3[-BMIPP washout ratio increased with increased oxygen consumption during exercise in normal
myocardium but not in ischemic myocardium. The patient must exercise before fatty acid metabohsm can
be compared between normal and ischemic myocardium. '
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Iodine-123-beta-methyl-p-iodophenyl-pentadecanoic

acid (‘ZI-BMIPP) i3 KA D BERAEE & RIAR ICHIREPIZHLY
AFh, BHBOFBAICIGELTHM) 7)Y FrED
FRE 7= NVBLI Iy FYTRICGHT S5, #
BHL LTBMICAFVEEZET A0, /ERLD B
BbEZITRVWESNTELY, L2L, REDOHY
EERIIBIT ARET, PLBMIPP O—&iX, I b3~
FUT7ATaBMtS N TRERILE T, &AMUEH
EYTH 5 BI-PIPA (p-iodophenylacetic acid) F T
SNBZEDHL DL o722,

—7%, EERRIZBIT 5 BL-BMIPP DE#HE B L UNES)
BRBORVE LERICEL TR, EEOHICBITILE
HEEOMEIZH 3 BB TFY 13-19% TH 1, EHEF
Lo THWMTHIeDs, HESNTVDES, LirL
o DRD - EBNEFEEOMEIE, BRAESEMEL
7-BE T BL-BMIPP A% 5- SN T b 7:9, WhiTH
TR THOEVE LEICHY T EEZLNS.

ZZ THA X, PLBMIPP 25 L C—EBMZEA
BL D EBATEFRBL THRVE LELRD, 1) EF
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DEH BT B0, 2) Bl REEE 14 I
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TATEMBEE L HSIRVTRS YRREICEE
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X 26-63 %, FHI9ETHo7. &fl, LEE,
BERAB L UMERBEOBREE IR {, MKEILFERED
EE#HEANTSH - 72,

B ERERE 14 FIOFHERITSTE, BH1
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Selected abbreviations and acronyms

123]-.BMIPP=iodine- 123-beta-methyl-p-iodophenyl-pentadeca-
noic acid

PRP=pressure rate product (double product)

20T =thallium-201

2. A & Fg)

HIRB L VAR TR CHREER L L-. BIR
%2 BERT£(C WI-BMIPP 111 MBq # 8HEL, #1304
%12 1 [@ H O single photon emission computed tomogra-
phy (SPECT) 8% &g L7:. &8 1 BE%RIC2@EHE®D
SPECT &% K%, ZhFhoA Y v MO L ) K
REPEVH LA EH LAz, 2B H® SPECT ##H{%1%,
EERT LT L. EBANICIIREELL TX —
y—%Fv, ZERREEEARTHET L. BF Ssow
XVBEL, 5ATLI225W FoMmEE, 204
BATo 7. BRRTHEHI10-150EA LR AT3 A
B SPECT 1 %#ig L, tEvili LEE KD,
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1) *[.BMIPP SPECT 1&

SPECT #f&I21%, B ANF-HESHEiET) A —
Y —wE L7 3R EERE SPECT #E& REH
9300A, i) 2R L7-. EHEEE— FiC X D 360°
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B 1 AAENCDE 20 B & L7z, 77— INESGIZE
74 F7% 159KeV (12%) & L, BEMERIC
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Fig.1 Study protocol

'Z[-BMIPP (111 MBq) was injected into the antecubital vein of each subject about 2 hours after breakfast. The first
single photon emission computed tomography (SPECT) imaging was started 30 min later. After 1 hour of rest, the
second SPECT imaging was performed to calculate the resting washout ratio. This was followed by exercise using a
bicycle ergometer for about 20 min, then the third SPECT imaging was performed after 10-15 min.

3) RM/DERICH T3 BI-BMIPP JEVWVH LEROEH

Bl EBBELNRE LT, MBHELEKOK
ET, THRBITEFHANMRORVE LELRD
7z, BEHEF 105 SPECT REICT, BMLHE
REOREERRLUEBE IEFME %R LERE IS
ST, PTHIBW TR D BIMOMA - 7-iifE &% b &
2, ENEFROEBICBIT 5 LHRS L UEE B
DV LEZER L.

4) LEBEFEHERDIEIE

LDEHBRZFHBEEORE L L TRAME & WA OR%
T3 % _EFR (double product=pressure rate product :
PRP) 5l L, #&K PRP (EEjETED PRP O
el BLUOZERORF (net PRP: EBjEFRD
50 PRP OFF) % K&, 'BI-BMIPP gEV i LE L
DEEZRET L7-.

5) HLETERVARAT

RHEROBIEZ TN EN T [£SD] THRRL, K
BLUEBAMEEICBIT A8V LRI, Wl iRE
FRWTHRE L7z, p<0.05 b o THEMEMAEE L
L7z,

#& S

1. XFEBE¥ 16 BlIC &) B 4&5T

1) RERSIVEBHAFFORVHLE

T | B RR OMEIE 2-10%, F393.3£3.5% (n=16)
THolz. EBRMRFOFYEILR.814.9% (n=16) T
HY, LERICLL p<0.01 THEEICHEIML TWi.

2) EB)ETFEED PRP &V LEEDRIR

EHEMEORK PRP 13 18.444.3X10° mmHg -
beat/min, 34 26.8+7.2X 10° mmHg - beat/min T& -
7. L2 L& KPRP &L DEICEELMERBIIZRD LMz
Mo 72 (Fig. 2). —7, net PRP (¥ 191.2-494.0X 10°
mmHg - beat/min (F¥) 294.6+92.7X 10° mmHg - beat/
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Fig.2 Relationship between '>I-BMIPP washout ratio and PRP after
exercise

After exercise, the peak PRP showed a considerable increase
with a mean of 26.8 7.2 X 10* mmHg - beat/min but showed
no significant correlation with the washout ratio.

min) & 84 OEENEE G CIRIEVVEEZ R L7z, EB)
B net PRP L #E\V H LE L OBIfR % Fig. 3 II7R
3. Net PRP 7% 180-300X 10* mmHg * beat/min D&
FTIEsEV HE LEROEMB 2 (-=0.794, p<0.01,
n=10) Z D725, # 300X 10° mmHg - beat/min % ¥8
25BE, ZOMEIE 10-15% CEHE N LE 125+1.6
%, n=6) DHEIFTEFEREL o7,

2. BROMOERBOICE D185

B EEE 14 B1%, net PRP %% 300X 10°
mmHg - beat/min RiFHD AF (n=5) &, 300X10°
mmHg - beat/min LL L B B (n=9) & ([Z5) LBHRET
L7z (Tablel). ABICBI)2EHE LHEHOLTHRED &
UCEBBETROFH RN LEZ, 2hfh 22+1.2
%, 40+t18% THH, MELFEELZRO LD o7,
T RMBER COTHEREEE) ICBWVWTh, TS
JUEHANBEOTHEX, FhFh 26+20%, 1.8
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Fig.3 Relationship between 'I-BMIPP washout ratio and net PRP
after maximum exercise in healthy volunteers with net PRP<
300X 10°> mmHg - beat/min (open circles) and net PRP=300 X
10> mmHg - beat/min (solid circles)

Washout ratio showed a nearly linear increase in healthy vol-
unteers with net PRP in the range from 180 to 300X
10 mmHg - beat/min (r=0.794, p<0.01, n=10), and only a
midly undulating plateau was observed within a 10 to 15%
range (mean 12.5%+1.6%, n=6) for net PRP values greater
than 300X 10° mmHg - beat/min.

+22% ThHY, AEZI Lo/, —F, BEIZBL
Tid, EFIMALORERS L O EBEMEEOFIYEIL
ZFhZEFN33+14%, 10.1£1.9% T, EBNEMIZLD
HEOWMER L (p<000). LA LEMEBTHE, %
BEEOTHED 3.742.0% 13 L, EHEFEOTY
EI34.7+£29% T, BEOHEINIAON o7 F
- BEAEMEOFEE LGB 20 H LEIE, Bl
EALICHARTHEICHM L T (p<0.001).

Fig. 4 (3G EEIIR 1A BIAE % 200 7 HEMERROE
D1BITHSB. DTS TR %R L7588 A OLHEF
TV LERIZ4.1%, EHAFERDOZNIZ68% Tho
72D L, PTHITIEELEZONAHIEB BT
DREGEB X UBBAMNHOMEIZZA TR 32% B &
0'127% THo 7.

# =

IO B MM OR BT 3 5 R T ENIR 2 BT 2
TEENR N A S AMDOFE I, FOBInx HETT 5
222 d, MANSOHEM R AEFREZFFMT 22 L A7
FTITEERINTETV S, BEXDSHTY,
21T}, technetium-99m #EFE L&MW 72 &% BV 72 5FEE D
RET SN TWBEDS, BIMERFHE S L CORHRIZES
NTWi\v, BLBMIPP I2BWTH, KEHEOERED

Table 1 Comparison of rest and exercise '*I-BMIPP washout ratios
in segments with normal and abnormal *'TI perfusion in pa-
tients with net PRP<300 X 10* mmHg - beat/min (group A)
and net PRP2300 X 10° mmHg - beat/min (group B)

'Z1-BMIPP washout ratio (%)

2'T] : normal 20IT] : - abnormal

n  Net PRP Rest Exercise Rest  Exercise

Group A 5 1053%399 22+12 40*1.8 26£20 1.8+22

—— ek ———
GroupB 9 321.2%+21.6 33+14 10.1=1.9 3.7*i*2.0 4.7+29

Values are mean+SD. **p<0.001.

AT, EYEFLESHEMEZD SPECTRICLD,
EFEOHOBIMSE & OCBEIAM L ORI 1T ) HAAD
ZEINTWBHe, FRLIZIEF UOFFICBIT 5 '21-BMIPP
DT LR ELHREFERELOBREHL IS
L, BMBLOBEELHICBIAHEEDERZREL
7.

FA OBRENCBIT 2R | BRSOV LRIZF
¥33+35% (n=16) T, Lal& W HE SN T 5 LH
3EERIC BT B 1BLBMIPP D ZF 1 (13-19%) & 1ZIZ[E
ROBERFFONIS, EBEFTEICBWTL, L5
BEZEHEEOHEMIG U THRVWE LEROEME R0
7-.

LHBEERHEHEEOIEL L THE L MARORETH
5 _E (PRP) 2B HIZE L, &K PRP B & U net
PRP % ROMET L7225, net PRP D3 ) A EB) AR
@ "PI-BMIPP DV LR E OBICHEVEE 2 R0
7o, ZhUT net [ZHBE L IE D AEBIE R OO HEE
FHBEEORME L )RBL TV E-0THELEER
L7z, Fig31TR L7 & H 1, EEIATTEF O net PRP
EHRWILEL OBRTIE, net PRP 5% 300X 103
mmHg - beat/min B2 5 &, HWVH L= 10-15%
DHEATEFIREL Lo/, THIILHDOZ RN F—
HARIEAHT, RERHERA O MRHER 72 E DMOICH RN DK
BT AEERBL TS EHELALD, S0t
g, EBNAEFEFO SLBMIPP D3k i LR % 5
TAH0ICE, < ED net PRP A5 300X103
mmHg - beatmin Z @2 MR EHL L L TAME 2
FARLENHY, EFLHOZEMEE LTI 10-15%
BECRD ETFHEIN.

DED#ER LY, BtOEEES 14 FIESHER

J Cardiol 1997; 30: 189-195



Stress

BMIPP

SPECT 1

SPECT 2

BMIPP #Ev it L2 &L O REE = 193

Washout Ratio(%)

Rest Exercise
A 4.1
B 3.2

6.8
2.4

Exercise

SPECT 5

Fig. 4 'Tl and '*I-BMIPP myocardial SPECT images of a 61-year-old male patient with effort angina

The 2°'Tl image shows stress-induced ischemia in the posterior wall (A), but the washout ratio of '*I-BMIPP in this
segment did not increase relative to the normal segment (B) after exercise.
SPECT 1 : before rest, SPECT 2 : afterrest, SPECT 3 : after exercise.

% 7°F, net PRP @ 300X 10° mmHg - beat/min % F&H#E &
L, 2BEICHT THEBMET L7z, ZOMEIT OLHRR
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IEELHERIC BT 2 B BTV USRI IC T
NEEICEML, IRl oESEmOLNL T
MLTHODEEICHEEZRLZ. 202 L, BT
TR EBHEFTEIESN TV, EEEME,
EE DB TR LEISEN L 7225, BIMSEE T
W2 hotz. TbbBIMLHCIEEBEMN 21T
THWWHE LEIIEML 2w &ilh b,

LHF TOEYERICBWT, BIMATHEWIZE P
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MEICBNTEFDTLENASNLIEITTH LW, F
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ENTWA (2.1:66). U EOBEBEICEY, EBIEH
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ER®BLTRMOHICEITZ PLBMIPP OR#E S L EBRTRO LV LR L LHEEEN
BELOBBRERE L. HREEERT T4 T 160BIVCRNEEEERE 1461TH 5.
775 "PI-BMIPP 111 MBq 2 #HEL, #3074, X% 1 BE#B LURKESEHRICZN
ZHSPECT £ %K%, ZHEE L UEBEMEEVE LREEH L.

EELBICBI2EH 1 BREBEORVHE LERIZTFY 33+3.5% (n=16) T, EBEFICL )
ml7z. EENEMRICBITS ZDOFEE, KK pressure rate product (PRP) & 0 b, EBJEMFHIC
BT S PRP DA TH S net PRP & BIF2AER%Z/RL72. T net PRP 25% 180-300X 103
mmHg - beat/min DHHFE TIIF\VH LEROER 2HIN% RO 7255, # 300X 10° mmHg  beat/
min 2882 5 & ZOFEIL 10-15% OHEATETIREL Lo 7.

BILPELEEH, net PRP T 300X 103 mmHg * beat/min LA L D.LEEREBEDB SN2 94l
T, EFOHHMOEBSEMEOFHHEVE LERIZ101+1.9% &, BNERICBITAEA@AT+
2.9%) B L, BEOHMER L (p<0.001). —%, net PRP 7% 300X 10° mmHg - beat/min
DTospicid, &, EBRMEL b EFE.OH, BILOGOFERVE LEICEEEIIA
bedror:.

DEXY, EFELHICBVT ZLBMIPP OV LEIL, LHERHEERE IS L THEMNT 5
%%, 'ZLBMIPP # W CIEE B L ORI LE ORERERAS 2 il 3 2 20121, 5 - LD
DHBEHBREISLELEZ DN,

J Cardiol 1997; 30 (4): 185-195

X

1) Dudczak R, Schmoliner R, Angelberger P, Knapp FF, Goodman
MM : Structurally modified fatty acid : Clinical potential as trac-
ers of metabolism. Eur J Nucl Med 1986; 12 : S45-S48

2) Yamamichi Y, Kusuoka H, Morishita K, Shirakami Y, Kurami M,
Okano K, Itoh O, Nishimura T: Metabolism of iodine-123-
BMIPP in perfused rat hearts. J Nucl Med 1995; 36 : 1043-1050

3) Fujibayashi Y, Nohara R, Hosokawa R, Okuda K, Yonekura Y,
Tamaki N, Konishi J, Sasayama S, Tokoyama A : Metabolism and
kinetics of iodine-123-BMIPP in canine myocardium. J Nucl Med
1996; 37 : 757-761

4) Morishita S, Kusuoka H, Yamamichi Y, Suzuki N, Kurami M,
Nishimura T : Kinetics of radioiodinated species in subcellular
fractions from rat hearts following administration of iodine-123-
labelled 15-(p-iodophenyl)-3(R, S)-methylpentadecanoic acid
('2I-BMIPP). Eur J Nucl Med 1996; 23 : 383-389

5) Kropp J, Jorgens M, Glaenzer KP, Luederitz B, Biersack HJ,
Knapp FF Jr : Evaluation of ischemia and myocardial viability in
patients with coronary artery disease (CAD) with iodine-123 la-
belled 15-(p-iodophenyl)-3-R, S-methylpentadecanoic acid
(BMIPP). Ann Nucl Med 1993; 7 : SII-93-SII-100

6) Matsunari I, Saga T, Taki J, Akashi Y, Hirai J, Wakasugi T,
Aoyama T, Matoba M, Ichiyanagi K, Hisada K: Kinetics of
iodine-123-BMIPP in patients with prior myocardial infarction :
Assessment with dynamic rest and stress images compared with
stress thallium-201 SPECT. J Nucl Med 1994; 35 : 1279-1285

7 M, MR, & E—, PIBE—, WL, FlK

A, AHK—: BIBMEOHIEES BT 5 RIEA S 1
A=YV 7 Ol EERBETIC L 2RE. BEE 1994
31:927-933
8) Chen SL, Uehara T, Morozumi T, Yamagami H, Kusuoka H,
Nishimura T : Myocardial metabolism of '*I-BMIPP in patients
with hypertrophic cardiomyopathy : Assessment by radial long-
axis SPECT. Nucl Med Commun 1995; 16 : 336-343
Ichihara T, Ogawa K, Motomura N, Kubo A, Hashimoto S :
Compton scatter compensation using the triple-energy window
method for single- and dual-isotope SPECT. J Nucl Med 1993;
34: 2216-2221
BIIES, REFEL, BAZEA, 0, thEEKE, [
A#E BA, KTIEZ, AHFKER, FHETERE, MEEZ, &
ABE . BilPEORBICBT B EHR (ATP) BFF BMIPP L
SPECT DEMMY. ==Y v h v 77 L ALBHMES
1995; 20 : 167-170
ERES, mAkK—, B8, GRS, TR,
WM, VEAEREE : SEBAF PIBMIPP LY Y 5557 1
DREEHEEFEEROFHAY. —a—sorAvrT77LY
ZLEEEE S 1995; 20 : 159-162
Camici P, Ferrannini E, Opie LH : Myocardial metabolism in

9

~

10

=~

11

~

12

~

ischemic heart disease : Basic principles and application to imag-
ing by positron emission tomography. Prog Cardiovasc Dis 1989;
32: 217-238

Morishita K, Shirakami Y, Kusuoka H, Yamamichi Y, Minosako
Y, Nishimura T : Uptake and washout kinetics of [I-123]-15-p-
iodophenyl-3 (R, S)-methyl pentadecanoic acid (BMIPP) in rat
hearts. J Nucl Med 1996; 37 : 94-95 (abstr)

13

~

J Cardiol 1997; 30: 189-195



BMIPP it W LR LOLHBEHEER 195

14) Hosokawa R, Nohara R, Okuda K, Fujibayashi Y, Ogino M, Hata lism of I-123 BMIPP reflect ischemia? J Nucl Med 1996; 37 : 95
T, Fujita M, Tamaki N, Konishi J, Sasayama S : Can the metabo- (abstr)

J Cardiol 1997; 30: 189-195



