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Abstract

Visual interpretation of iodine-123-beta-15-(p-iodophenyl)-3(R, S)-methyl-pentadecanoic acid
(**I-BMIPP) myocardial images cannot easily detect mild reduction in tracer uptake. Objective
assessment of myocardial '*I-BMIPP maldistributions at rest was attempted using a bull’s-eye map
and its normal data file for detecting myocardial damage in patients with mitochondrial ence-
phalomyopathy.

Six patients, two with Kearns-Sayre syndrome and four with mitochondrial myopathy, ence-
phalopathy, lactic acidosis, and strokelike episodes (MELAS), and 10 normal subjects were
studied. Fractional myocardial uptake of '*I-BMIPP was also measured by dynamic static imaging
to assess the global myocardial free fatty acid. These data were compared with the cardiothoracic
ratio measured by chest radiography and left ventricular ejection fraction assessed by echocardiogra-
phy. Abnormal cardiothoracic ratio and lower ejection fraction were detected in only one patient
with Kearns-Sayre syndrome. Abnormal fractional myocardial uptake was detected in two patients
(1.61%, 1.91%), whereas abnormal regional '2I-BMIPP uptake assessed by the bull’s-eye map was
detected in five patients (83%). All patients showed abnormal uptake in the anterior portion, and
one showed progressive atrioventricular conduction abnormality and systolic dysfunction with
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extended '*I-BMIPP abnormal uptake.

The results suggest that assessment based on the normal data file in a bull’s-eye polar map is
clinically useful for detection of myocardial damage in patients with mitochondrial encephalo-

myopathy.
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S hPaYFYTHAERS VI PV TOREE
IXHSBERYE B 2R L, adenosine triphosphate (ATP) &
SEED SLH, R B Bk L OB OREEL
BETLT, 2 ZERSHRT 2REHTH 2. BE
Kearns-Sayre fE&RE (KSS) D H#EF, FLHITE I b
2> FY)7 DNARKBPHESNTEY '™, L7z KSS
DI ParFY7DNARKDDHBHETI, S hav
Y 7EFEERBERESE ] 1, 1V BEEORERE
MHES L RETHERERT EHEENTWEY, X
723 +a v KV 7.0E5E (mitochondrial myopathy),
X% iE (encephalopathy), F.B& 7 >~ F—3 R (lactic
acidosis) & MZEHfFEL Y Y — K (strokelike episodes)
(MELAS) 283 38Tz ba>FY7DNAD
tRNA-Leu (UUR) 22— F$ 3 3243 HEEDEHED K
R (A-G) BEHEIhTEYY, IbavFITE
FREEREREAKR I OEENRES N TV S, —
H, LENEFRBRFIAERKBRL BRSBTS D
iodine-123-15-(p-iodophenyl) -3 (R, S)-methyl-
pentadecanoic acid (**I-BMIPP) &, S ba > KU 7
W EEL CETGEERDOELET 2 LHN ATP &
BOWRBIC—BL CLHRSESIEEHT 5 LY,

T havRY7TORETERETIEI 32 2 LB
ERTHREENTWEY, S va v FY) TREBEDE
FLBRERA DLW PI-BMIPP B8EHTH 3 Z
LR S O5R4E L T 3 28, 48], BIESESI
L, '2I-BMIPP single photon emission computed
tomography (SPECT) OEENH % AWz EEOH
RAEEE OFH 2584, % OEERIERAEEZRE Lz
DTHET 3.

Selected abbreviations and acronyms

13]1.BMIPP =iodine-123-15-(p-iodophenyl)-3(R, S)-
methyl-pentadecanoic acid

KSS=XKearns-Sayre syndrome

MELAS=mitochondrial myopathy, encephalopathy,
lactic acidosis, and strokelike episodes

201TICl=thallium-201 chloride

R EHE

L. =B
51X KSS D 2 B8 X " MELAS 48ITH 5.
KSSfillix & b e Bk, FIFER SR, 3BIRT
H 3 ETHSMRTRES X CEREEBE 2R,
DMEEEECR 1FITREEE uy 7, 18ITE
SEM7ay 7o BEBE uy 7N LERL, 2
Bl b SERFONRE R Z0LHY >V F 77 L0%
BRIBICKAR—R X —% —BAEM 22T . 72008
EERECTE, 1FTALRED LR (19.1118.0 mg/
dl), 2flceNEVEEO LR 2218 mg/d]) %2, &

. BEBERTIZ2H & bz ragged red fiber ZFRD 72

(Fig.1). /2202l H BEIRER OBRIZEET
botz, i 1 Pl AR LMHEREETL, O
DD KR/INE & B OffiEl 2 7z (Fig. 2) .
MELAS 0 4 Blix B 2 5, 26, FHFEmHIE
21+ 2 Th o7z, LFINEFREREZRL (FEFHE
EE 2 B, BOEBRSEE 1 B, RWEUWHAFME LA, mEksE
{LERE TR 2P ABE (26.5£2.6 mg/dl) ¥Nm
EUEME(1.1£0.1 mg/dl) D LR BB D sl £z,
SPaYRFY7DNADBEHRTIEI P FIT
DNA @ 3,243 ZHOEE DO REE 2 2BcR» (Fig.
3), BHETERKTIX ragged red fiber % 2 T 7z,
- ERAFHEE LT, BB OREVCEDE, BE
Bl 10 B ER E L, ZEHEF BMIPP i SPECT (111
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MBq) % 106 (B 5B, Zotk 5Bl Py 57 %)
T L7z,

2, BEFHE

1) 'ZI-BMIPP - 'TICl ;5o > F 557 1« —

I bar Y 7TIREESIERRE LRI, &
G RRE, WERE OISRy v F 7 X 7 DI
EENB XS ICRELE, PI-BMIPP 111 MBq %45
¥R E D 4EBAEAK20mI T7 I v ¥ a L CEAHE
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2 ray R 7HEOLEHA A=Y 7 3

Fig.1 Skeletal muscular
specimen of a pa-
tient with Kearns-
Sayre syndrome
(KSS)

The ragged red fibers
are shown.

Myocardial speci-
men of a patient
with KSS
Degeneration of myo-
cardial fibers with
nuclear pleomorphism
and focal interstitial
fibrosis are shown.

AL, KESDHEITHE W THIH 15 HRE 08 EES
BIRR LU7ct, BIiC SPECT el L7z, fliH, &
fEf thallium-201 chloride (**'TIC1) 111 MBq # %%, 15
& & DO SPECT RERIK L. BRI HERE
BREEER A >~ A& A T [General Electric #!(USA)
STARCAM 3000XC/T] 2w, BEZ AR NVF—L X
WV iX'21-BMIPP T 160 KeV, 'TICl | 71 KeV & L
7o, WEE= MY v 7 R1d 64X 64, BIEMRTIZ 500 msec
T 60 frame, 30 sec T 11 frame, 180 sec C 3 frame {5
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Fig. 3 Polymerase chain reaction (PCR) analy-

sis of the mitochondrial DNA from a
patient with mitochondrial myopathy, en-
cephalopathy, lactic acidosis, and stroke-
like episodes (MELAS)
Detection of tRNA-Leu (UUR) mutation at
np3,243 by Apa I digestion. Positions of the
undigested (294bp) and digested PCR frag-
ments (181 and 113bp) are indicated.

L 7z. SPECT {4 i3'?I-BMIPP | 30 sec/step X 32 step
T, ®'TICI iZ 20 sec/step X 32 step TUVE L, HEIRML
45 5 EBEMI 45°F T 180 INEL I TR L., 7
V7 4 V¥ —IZ 1% Butterworth 7 4 V¥ —Z2 H\w, B
FERREF X ramp 7 4 VY — 2 FWT, Ei, EEERE,
KEREHDOZ LEWEGR 2B

FICREE, BEEREA, OB, LT a—M»5RE
MR ERZ OhD.LEBL W EHE S iz 10 4]
BEEE X L, PI-BMIPP SPECT % BMucEREDH
T THRER L.

2) BRMTAE

131.BMIPP [ f5#EHER (myocardial % dose uptake)
EPEIREER K D BIE LUz, #IEHOIEBRRERRR I,
eRE5EN ) XA—Y —DHEFNICEEN I /20, Z
DAy EeBRERLEEZ, B58 12-15 50OV
REDLEER A 7 > b 2RO TSI 2 BIEE
ZEIE L. OB, EfRc Ny 2777 v v FEK
EL, LBHOAI T P L UELFWTHIELR. %
TR 10 Bl & DR 7o ¥ +2SD % IEHE (2.80-
3.77%) & U THETL 72,

18

19
15

12

21

Fig.4 Schema of myocardial segments on the
SPECT images and the bull’s-eye map

SPECT E{R DT : Z£Z=.LFsEE % 21 waEIL,
FNFNOFEE 2 HEAIZKIB X a7 (defect  score :
DS) 0 (normal) » & 3(severe defect) ¥ T 4 E¥fE 12 X
a7 FMEi L, &HEBOPI-BMIPP O RE R 3 7 »
PATICL & D b REWGEZB, NeWHE2T, FL
WIGE®E EFHl L7z, & 7o EERRHENIE SRS S O
HED LK ToT. LRE L SLEE  TOR L
MR 2 9 L2 40589 2 FHEAKERK S (cir-
cumferential profile analysis) IZEHDWT, FERFIT &
@ bull’s eye map * {EHL L 7z, *'TICI Ti{EHE#l 20 #
(53 20 B, “FEy4EHn 40 %) O 7 — % & D Emory K%
W TERIE NI IERE 7 7 A VR v, 2I-BMIPP Tl
AR L 7-BEG 0BG L VIER L IEE 7 7 A V2
W T —2.5 SD K O F B2 ERE T HE R & & fE
5| & & 1z black-out /R L, extent score(ES) % (num-
ber of abnormal points) / (total points) X 100 & L T&E
H U7z, Bull’s eye map FDfEEIX 8 3EIL, HiBED S
HHBER D O R Al LEFRE D OFEEE As, L
FHEO S bHIEES D O % Sa, REE L D OFE%E
Sp, REED 5 b.LEFRE D O Z Ps, HIEBEEFD O
fEE R Pl fHIBED S BB D OFEEE Lp, AIBEF Y
D% La & L7z, HIROFHETIE, REX 27 O
M 2L L, ESTUEEERELERET EHEL R
(Fig. 4) . '*I-BMIPP .0 ERGEE DRET I B T, FEH
23'I-BMIPP % 3 [\IffifT L CTv> % 2%, 3[EIH DR
ERAWTHRE Lz, 2726ER 1, 2 OBEFHIRE R W
FThHbR— A X — 7 —BHEMTEN T L7z,
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Table 1 Clinical data of patients with mitochondrial encephalomyopathy

Echo
Pt No. Age (yr)/sex Diagnosis CTR (%) ECG LVDd LVEF

(mm) (%)
1 65/M KSS <50 CAVB 44 64
2 48/M KSS 56 Advanced AVB 50 34
3 19/F MELAS <50 WNL 39 68
4 19/M MELAS <50 WNL 42 56
5 25/M MELAS <50 WNL 43 77
6 45/F MELAS <50 Neg T in II, III, aVF 43 74

5

M=male ; F=female ; Pt=patient ; CTR =cardiothoracic ratio ; ECG=electrocardiogram ; Echo=
echocardiography ; LVDd=left ventricular diastolic dimension; LVEF=left ventricular ejection fraction ;
CAVB=complete AV block ; Advanced AVB=advanced AV block ; WNL =within normal limit; Neg=

negative.

3. #eEtsE

BIEIZFHESD TRL, 2HEHOHEI yREB &
Uf Student D t REZ AW, p<0.05 2> THEED
HEE LT,

1 S

B X SEH LD/ LIFREE D £ E 1, 6 B KSS
1BlcnARD shiz. LERTIE KSS D 2HITEE
CERBEELED, MELAS D 44Tk 1 fiTII, I,
aVF ORMTE>F 7. L a—KTOFHETIZ,
KSSD 26D 5 b L WBLORE R R LIz 1BITE
ZHRKRPEROILKRZRD, Z DEFIZLEEEEIC B W
THEERHFE MR LETL, BESHLAMET
LTwiz, fiid KSS 1 FlidAEERHE, EZILRFRY
ER > RABEERSORE IR s o fo s,
AZEPRE 14 mm, £EEEE 1l mm L EEOLHER%E
71z, MELAS D 4 BT AEZRHE, EEHIRARY
%, RFEEESORE LS CILIEAR 1 563580
sNigdporfz (Table 1),

SPECT E {2 & 2 LKA 8T, -
BMIPP T 6 Btk 5 81 (83%) \CHIBEMROLEES
Waeduhr UEREESRED oh (FiEEhiE 3 4,
HiBE 2 Bl ; Figs.5, 6), % 7:RIEELISATiZ KSS O 1 4
BITHEHEIBEZ, F7z MELAS 0 | i CHIBE I E£REE
2D, —H, PTICIOERETIZ4FTHY,
2ITICI TEBET 2D 2> MELAS O 1 %02
7z SBIT, '"“I-BMIPP ORI 2 7 5 TICI X Y Efll
2 RTHEEB 25D, MELAS @ 1 T TICl D /ig
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Aa7HPI-BMIPP L Y b HE:2RTEBET 2R
7z (Table 2), BiREE{RIC X % 'ZI-BMIPP /[ EEER
BIEDHESR, KSS 141 MELAS 1§ C:OBEREE
T %52 (Table 3), Z® 2D extent score i Fh F
n73,19 LnFhbEEEZRL Tz, '#I-BMIPP .
FHEIR & 3 RERHEFIL O, AZBRHE,
VERRPEOREREER L Z 2RO B o 1288, (0
JRPFFHIEi T 83%ICEBEE 2R, REKZERR
B (p<0.05). Fiz KSS D 2H0D > 5 1 fTi,
DEBEEDOEL WETFVITEFREESE O
BMIPP EREHE BLK, Zhicff> TREREED TS
EH7ay /7 hoBEBE uy /N ELEZED
7o, & 7l KSSHEH T b B BE o kF 382 S & 0 '1-
BMIPP £RET 2o BLEE 0y 7 B5RBH 5
n, Ihs 2PNTiZBEKAR—R X —H —OBHEM
BHTINTE Y, EHEE L EHRAAES L OF
HS TR I,

fE ] 475, BM, KSS

BaER X B E T, 1993 £z s L T 1996 LED L
FIZBEL I 48% > & 60%~ L3I, Lz a—REEE
PRARBAR X 4 mm H S 53 mm, GHERIL 26%H &
13%~ L UEEEDEAL 2525 (Table 4), LENE G 5
EEM7ay 7 poBERET 0y 7 N L GEEEN
T L7 (Fig. 7). BMEEREFRR T, FI#i'?I-
BMIPP DHIEEFRE S & UREIRED Z  BE DERE
T2REDIH, PTICI TREBMOERE 2RO T, ER
B L CSEEE LI, 'P1-BMIPP OERE TED
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Fig.5 Tomograms of patients with KSS
Reduced *'TICI and '#’I-BMIPP uptake is noted
in the septal portion of the anterior and postero-
lateral walls. '*I-BMIPP uptake is more severe
than *'TICI uptake in the posterolateral wall.

123.BMIPP

Short Vertical Horizontal

201 TIC)
123.BMIPP
Fig. 6 Tomograms of patients with MELAS
Reduced '#’I-BMIPP uptake is noted in the anter-
ior wall.
Table 2 Scintigraphic data of patients with mitochondrial encephalomyopathy
Al As Sa Sp Ps Pl Lp La
Extent score  Extent score
Segment No. 1 2 3 4 5 6 il 8 17 18 19 20 21 of 12[.BMIPP of 21TICI
Pt No. 9 10 11 12 13 14 15 16
1 E B B B 8
2—-1 (Jun/1993) B B B 7
2-2 (May/1995) E'E E“E B B E E B 22 11
2-3 (Sep/1996) B EEEEEETBBIBB EEE BB 73 39
3 EBTTRB T E 19 14
4 B B E B E 12 8
5 B B B B il 5
6 0

Al, As, Sa, Sp, Ps, Pl, Lp, La as in Fig 4. E="2I-BMIPP uptake decreased as well as °'TICI uptake ; B="'2I-BMIPP uptake
decreased more than 2°'TIC] uptake ; T=2'TICI] uptake decreased more than '2*I-BMIPP uptake. Blanks mean that both tracer
uptake neither increased nor decreased.

RB L OTICL OEFETHIR 2RO 1 (Fig. 8). 3243 R ERLY, 2B TIEROEHIHRE ST
" i W3 KSS TRk DNA OHEIZ£ I ba v R Y

- 7 DNA D 20-85%i2 R U, REDH ZETIIEF

MELAS B #E D #80%45 S h 2> KU 7 DNA D CERBEREESHS pRETER 2R T tkES N
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Table 3 Myocardial % dose uptake in pa-
tients with mitochondrial

encephalomyopathy
Mean+2SD (%) of

Pt No. (%) 10 control subjects

1 2.88 _

2 1.61 {

3 1.91 2.80-3.77

4 2.55

5 371

6 2.85

Jan 17, 1995

w0 v

J \_._1/\_.
M V3

I A -
aVR ‘ O DO

avL __ |\

I FAVEY THREEDOLEA A -V VT 7

Table 4 Cardiothoracic ratio and echocardiogra-
phic findings in case 2

Apr, 1993  Apr, 1995 Sep, 1996

CTR (%) 48 56 60
M-mode values

LVDd (mm) 44 50 53
FS (%) 26 16 13

FS=fractional shortening. Other abbreviation as in Table 1.

Oct 28, 1996

w T

V2
]

vs T T

v4 _— T

H-E

avR
avL ﬂ——ﬂwv— Vs
avF li

V6

Fig. 7 Electrocardiograms of a patient with KSS
Atrioventricular conduction disturbance has progressively worsened. Initially, com-
plete left bundle block was present, then complete AV block appeared 2 years and

9 months later.

Tw3? %z, 1T%0OEFTCIMCEBEE»S0.0EN
BERPRTLHMEINTVRY S, I haY Y7
I4RSEE 6 Bl > 5, 1PI-BMIPP DERE T2 %
e LT 8BIIRBDIz. £1KESDHEY TH 74
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1 3 B (42%) TRIE D 'ZI-BMIPP £EREE 28E LT
BY, 1% TZI-BMIPP OEBET2HEL T35, 5
ElEECERELSTED & hi-HigEdREEaEE, 3k
REFRPERRRAEA % 44 5 FEA R UEREE O SR B T LS
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June, 1993

Bull's-eye map

123-BMIPP

Bull's-eye map

Extent map

May, 1995 September, 1996

Fig.8 Bull’s-eye polar maps of the '2I-BMIPP distribution in a patient with KSS
The region of reduced '**I-BMIPP uptake has extended from the septal portion of the anterior
and posterolateral walls to the ventricular septum, inferior and posterior walls within 3 years

and 3 months.

HESEARIDS 7% £ DO RE PR b BHEEICED 5
n, FEFBAHESS RS FE TH 5 R mR &
NTWREETHZ”. SEOFER»S, T har Y
7 BARAER T b BRBLLEHE & ARk, LHRE DR
D SIREDHIRICZED D 5 AlREHELTRE S 7z,
¥ 7o BB E B A 5 55 0 BT BE R R 2 2 1-BMIPP 0 £
ET2RH 7 KSS 2 EFICTHEE R EBEELEEEIR
HoNTEY, Bz 1Tk, FECEREEL LVL
BREDE(LICHEY, HiEEFRRS X CRAEE DIERGERA
S P B0 A S 38R 0D 915 K A3 extent map T black-
out SEIBIEA & L CHFBENICBEIN TS, KSST
BOEEDEHIZ 20U T THY, HEEEL RV
B8, D BIERFITIE PI-BMIPP 0 /)N BH D 18 B SERE I
TREDLHFEATEH s REERETALERL T
22 emob, HIBEHREROERAT & E = ICFHE

UBEEMETRERRET 2 228, BHEEL X
CIERETFERTMOEER» S5 bERFEVDI O LFEZ S
na.

SEELZ, KBS OFHE? EH I U LA
% Wiz 21-BMIPP OFHli 217> T %45, Z DIEHE
BN OSEIMFE, 25 S0ER BT 5 Mt E
K (extraction fraction rate), LEFEER EDHELP R
570, ERBBMEABBLEEFEZ D,

1IZ.BMIPP & 2*'TICI ¢ extent score ZFEf L7z & Z
%, WI.BMIPP O Z hiZEECEEE R L, MiEES
X 0 IERSMAREIEE DI 5 MEE Td 5 ATHEM LS RIE
SN H, MHGEENEEICEE SN TWw EFTRE,
BHEAZIZTICI b ERET 2RI FIBSEET 2 2
Lo, IVSEEPIEVRBEE7 7AVEROERE
BORDBLETH L EHZ D,

J Cardiol 1998; 31: 1-10



I ba v R ) 7HEE I OEEEE T % b, A
EFigE Rl & L OB ABEENHEET 3 2

S PaAVERY THEEDOLRA A -V VT

b3 BRIz

EMNTRREN, HENHECMZT, EET—577
ANVICED S EERNTREREEEZAMAT 2 2 L2,

X
)]

2)

3)

23 #

S bV THEEEED 5N 0 HEE %, adenosine triphosphate (ATP) EE4REEE T £ S g
i 8 Fll R @ | » 5 iodine-123-15-(p-iodophenyl)-3 (R, S)-methyl-pentadecanoic acid ('2I-
BMIPP) %FHWTREL 7.

Kearns-Sayre fE{&#E (KSS) 241, & ba > ¥V 7.080E (mitochondrial myopathy), JXfE (ence-
phalopathy), FLE87 & F—3 R (lactic acidosis) 8 & UINZEHHET Y — K (strokelike episodes) %
£5 (MELAS) 4 Bl Zxt5 & LT, L 2I-BMIPP 285, LHEBIEEOBRSREICHT 2
HTH 3 L EERER 2 HIE L7241, single photon emission computed tomography (SPECT) % Ji
U7 L EICERIRES 10 B & D R IEHE L B L, SPECT UIIE bull’s-eye map 7 7
ANDT =5 % b L, FH—2.5SD RKFOFRELERET % black-out FiR L 7z ERAFHIEE T,
LERFOEREFTE L 2. 72888 X BEE LOLKELY, Lo —Ric & 3 AFBREE, £F
WARARHAZE L LsET 20z /2.

Ihe 3FHEHECBWTRERZRLUIERNIZKSS D 1 floATH-7-. 'BI-BMIPP O T,
DEFERCRIZEE S 10 FlDFH+£2SD 5 &R 7 IEH#E (2.80-3.77%) izxt LT, KSS 14 (1.61%)
& MELAS @ 1 BI(1.91%) TRE2RBD: b DD, RRORELRHRCEZERDLho7z. —4,
bull’s-eye map % 72 LERATEHE TIX, MELAS @ 1 %2k < 5 81(83%) I HiEEhfRoAEES
el L-EREELRY, fiRORELHEL T, EXO0HCBT 2 BFREROBRHEIZ
FRCEVER ko7 (p<0.05). FEIZKSSD 2810355 1 fITIE, [LHEEEDZE L WET IS
THIBEFROGEZEESIRIC BT 2 “-BMIPP £EREEBILEKL, REEM 7oy 7 hoBEEE Y
Oy 7 NECHEENER L. 7 KSS Ofid 1 FiITH FiEE b i@ 4512 'P1-BMIPP £5ET
BRHH5N, ZOEFLTELEET Oy I8RO, Ih o mEEEOET & ISHERT HREE
DEERBRE NIz 2HIF, VTR BBHAKAR—R X —H —DOBHEMISHETE hiz.

I ha vy R 7REETIE, OBEEET IR D, AL dul Lo LBiERERA AEED
HESTRBR SN, AEMHECNZ T, EET—9 77 A VICETS EBNRERIERFIAT
220, ZOXIRREORYRHL S VERABRBICERTH L Z LRRI AT,
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