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Abstract
The effect of cardiac sympathetic activity on long-term prognosis in patients with heart failure
was evaluated by cardiac imaging with iodine-123 metaiodobenzylguanidine (*2*I-MIBG)in 46
patients admitted for the first episode of heart failure(idiopathic dilated cardiomyopathy: 18,
ischemic heart disease : 10, hypertensive heart disease : 7, valvular heart disease : 4, others: 7).

Cardiac imaging was performed with '?3[-MIBG and thallium-201(?*'T1) at rest on separate days
before discharge. Using whole body imaging, the ratio of cardiac uptake of the isotope to total
injected dose was calculated (percentage uptake). The cardiac uptake ratio of '23I-MIBG (percentage
uptake of 22I-MIBG divided by percentage uptake of 2'T1)and percentage washout of 2I-MIBG
from the heart over 3 hours were calculated as scintigraphic parameters. Cardiac events were defined
as cardiac death or deterioration of heart failure requiring readmission. Scintigraphic parameters,
clinical parameters, left ventricular function obtained by echocardiography and neurohumoral
parameters were compared between the event group and event-free group.

During the follow-up period of 26.9+13.9(7.1-53.8 months), cardiac events developed in 14
patients (cardiac death in 10 and deterioration of heart failure in 4; 30 %). Univariate analysis
showed uptake ratio and washout rate of 122I-MIBG, percentage uptake of 2'T1, New York Heart
Association class at discharge, fractional shortening of the left ventricle, serum norepinephrine and
atrial natriuretic peptide levels differed significantly between the two groups.

Cox proportional-hazard analysis showed that the uptake ratio was an independent predictor of
cardiac events (p<0.0001). When a cut-off point in the uptake ratio equal to or less than 0.50 and
age equal to or more than 65 years old were included in the Cox proportional-hazard analysis
instead of actual numbers, relative risks of cardiac events by each index were 31.2(95 % confidence
interval, 3.9 to 247.6; p=0.001)and 4.2(p=0.025), respectively.

These data suggest that cardiac uptake of !22I-MIBG is a strong and independent predictor of
long-term prognosis in patients with heart failure.
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L B4 A=Y ¥ ZIUE T ORBHERIE DR
PEGHE L THET32HETH DO, 'BI-MIBG L A
A=YV I BPLARLEOFROTFHCERATHE I LD
WESNTWBY, L UPLMIBG (LA A—Y >
25, BEEL W LUHREEDLALI B W THENERI
D23 FRHECERTH 20 2R LHERZD R
W, £ ZTI S LIES &5 R PI-MIBG /05 4
A=Y 7 ETO, ZOTFERFHEICE T 2F A2
DHRF & HEgE Uz,

R EHE

1, 5% =2 :

MRIZOLDALFED Iz DOARE, 7 DHRERNETE
FBEAIRETH D, BEERIOTREM IO 27—, thal-
lium-201 (*'T1) 8 & U"BI-MIBG {Lffi4 X —Y > 7 %
MEATU 272 46 B (B 35 6, i 11 B) TH 5. Fip
Id 6413 7% (34-86 1%) T, ‘A2 D RE I FeFEHR
BLOBGEE 18 B, MEMME.GERE 10 6, SMEMRR
76, FEEERE 4 B, FEIRICERT 2 LBbh s 44,
FEETHIBTH 7. 'PI-MIBG BERITR D New
York Heart Association (NYHA)#EE4 4813 1 BE 22
B, 1R 226, HE 26T, WFhOER b ERIR
BEOBEEHHAL, RKE\EEH.

2. /5 &
TEEFICOTI B X UBLMIBG {04 A —Y > 7%
# 1 EROMRTHIT L2, REBEIRETHETL
Jz. "PI-MIBG 4 A —Y Y JBRREIC / VX 7
v, JLEMY Na fI[fR~ 7 F K (atrial natriuretic peptide :
ANP), V= UEHHERAORM 2T/, / VI EXR
7)Y EREE s O~ NS T 7 4 —¥ET, ANP i35
I E & (immunoradiometric assay) T, V=%
B R RIE 2 Pk TR L /2.

1) DR A=D27

1ZI-MIBG 148 MBq % #¥, 20 534 (FIHAMR) & 3 5
it GREER) \Z'PI-MIBG L i 4 A —Y (B & £
&) 2\E L0 BHRCIEZ ALY —, WA
AV A=y —%EFHL-EER L > < H AT Starcam
3000XC/T(GE, USA) % Fv>, 180°, 32 5@ (1 5 40
¥, REE—7: 159KeV) & ViR, 25&FiEE)
WELAVF —, BOEET ) A -5 —2EEF L1z
Starcam 3000XR/T (GE, USA) Z v 7z, ©'T1.08 4

Selected abbreviations and acronyms

'2]-MIBG =iodine-123 metaiodobenzylguanidine
ANP=atrial natriuretic peptide

A=Y IF®T] 11IMBq#E 20453 & D, '“I-MIBG
4 A—VRIE, BBHRO AE30®W, XEBEE—2: 712
KeV) L 5B EH|E L 7230,

'-MIBG #]#A &, BZEE, *TI{#H & b, Rump-
Hanning 7 4 V% — % F\>7z back-projection ¥, X
74 A& 6 mm OEEIEEIMBTEGR 2ER, chkdb L
WOLREMAREGR, OREATERESR, SHiiEG
YRR U7z, %7 ESR % b &1 bull’s-eye map
TRk LIz,

2) LA A= T DEETHE

BI-MIBG, *'T1 D£&5H% b L iz, LRICEREL 7
TAVIN—TEDORERBIXT BHE%; D AH
F) 2RO, 'PI-MIBG EBLER TOR D AAZEET] D
WY AAETERLI:DDEIWDAARLLE LTzs-10,

'BI-MIBG BZE & T DL ' 21-MIBG D 4 DR
BHROHLUE®%) L LTERLLSD, FEoHLERGI
DRFEZMIEL THRRL.

3) LT O—-RRE

LI I —RBREZOTILHA A=Y ¥ 7 RICHET
L. BEEKEEE SSA-260A, HGERZEXF 4 #
W, BR) AW, ME—FLza—K%d L KEEE
RARHAE, IHERHAR, EEREHEEERD:.

4) BBEE

DEROME 2T RBR E Uiz, LERE L
[BFE (Z=RFTEE2ET), LR OLALDOBED D AR
ERSLETHY, AREEEH LTFE£ONYHA &
EHPIEIABE COREMITR L D 1 BEEULEE L
BELERLI.

5) #hEHLIE

EROFHEIZFY L EERE TR U, LDER
HIR U 750 o 7o B (RS L OB BEE (SBiE)
OFBARFDLEIZIE, Mann-Whitney @ U #E S L <
3 xREZ{Tole. TUSRFDS B, LEROHIE
FHILS 2RFEHEET 2720, Cox HfINY—F
ETFNVREDLSEEEBITRIT o/, 1 0ERHEE
D'»-MIBG Bl ;AA DO EBRBEOREIC X, 22
FENERFERRAT (ROC A7) W AW, EHEBRELT
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T O RN % RHE BB HE % Kaplan-Meier ¥ TR
L, Breslow 7 A b THBE L, WFhDFSD p<
005 % b > CTHEEDHEL L.

& F

BLMIBG LA 2 — > 7 HifTH 2 iBBBREDH
BB U, 492695139 A (1.1-53.8 1 F) 68
BEr{Tol., ZOMILEHRPHIREL 20X 146
(30%) TZ D> bLIEFE 10 (22 %) TH - 1z, {LIEFE
D> b 4 B ZRTE RFMEHRELOEHE 1 6, EEIAR
BRI, FEUEMRSES 246D, 6 Al TeEc
& 0 ABRBEIET LT (RRMIRELLEE | 6, EEik
1A, BIMEEGER 26, AEE2H6). L2
DT 4 B (9 %) R, Z DWERIZEEFRMEILRE
i 3 B, EEAVER 1 fITho 7z, LERBHEL
7-DIRBIERE 7.1y BLUBTH - 7.

1, CEHRENDHE CERKATR (Table 1)
ERHCRESEHIVEREOERXZD Shl:
2, BEER R ol. & LALOERKE bW
TEER2 AP o120, REMITRETO NYHA S8k
ERBETIVEE TH- . LDEMEICEM Ty 2
DHBRE, R—ARX—H—HIAHDHE, BERFO
DALY BFIRE, S¥IVRE 7oyt y
v UEBEERIAERE, pENREOREDOLELWHT
EWkhol:, ERBEFTEDOINSDRFEDOEF
BOEMEEQ2104) & EEHEEQ.11£0.6) TEHZR
Loz,

2. LEYHBROEHEOCIO—E, BREREERTF
(Table 2)

EEWRAE, ERBEEL b, LBRHEOE
ETEPRD LRI o1:0, EEFEMHRIIEREHCE
B LAERERETEZRLL.

JIVIERTY v, ANP RESH CERLRE LR
UZeds, V= B TEN R, o /.

3. DEHHBAOFERELHAA—D2T

12]-MIBG D B D A % I3 B (3.39+£0.59 %) &
FEBINEE (3.24£0.44 %) TED R o T2, 1, ' T1 D
B D A ARIZEIEE(7.3711.88 %) THEEHEE(5.82+
1.08 %) & DV HE (p=0.002) IZJTHEL Twiz, BYAH
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Table 1 Comparison of clinical parameters between
event and event-free groups

Event(—) Event(+) p value

Age(yr) 62+13 7012 0.0854
Gender (male : female) 25: 7 10: 4 0.6242
NYHA class 0.0407
I 19(59)  3(Q21)
1I , 12(38)  10(72)
11 1(3) 17
Cause of heart failure 0.9360
Idiopathic DCM 13(41) 5(36)
Ischemia 7(22) 3(21)
Hypertension 5(15) 2(14)
Others 7(22) 4(29)
ECG-abnormality
Atrial fibrillation 14(44) 4(29) 0.3318
LBBB 4(13) 1(7 0.5912
Pacemaker rhythm 1( 3) 1(7) 05387
Used drug
Diuretics 29(91) - 14(100) 0.2360
Digitalis 20(63) 7( 50) 0.4282
ACE-inhibitor 16 (50) 9( 62) 0.3708
B-blocker 2( 6) 1( 7) 09101

(): %

DCM=dilated cardiomyopathy ; ECG =electrocardio-
gram ; LBBB=left bundle branch block ; ACE=angioten-
sin converting enzyme.

Table 2 Echocardiographic and neurohumoral
findings in event and event-free groups

Event(—) Event(+) p value

Echocardiography
Diastolic dimension (mm) 57+8 57+6  0.9809
Systolic dimension(mm)  43+10 45+6 0.3961
Fractional shortening (%) 25+8 20+5  0.0344
Neurohumoral findings
Norepinephrine (pg/m/) 618357 1,016+524 0.0050
ANP (pg/m/) 91+53  142+75  0.0297

Renin activity(ng/m//hr)  2.71+£4.01 4.44+5.55 0.3156

I ERHAEE T 0.4410.05, ESHIKEET 0.59+£0.05 &, B
WEETHE (p=0.0001) 2 &> > 72 (Fig. 1). % 7:3%ET
BETOI YD AAL(0.4310.06) b 4AEFFEE(0.55+0.09) &
DEE (p<0.0001) iIZ{ED2> > 7z, WI-MIBG D¥EWVH L
RIZHWRET3241103%, EEHIRFETI182+9.5%
L, BiEETEE (p=0.0003) I2 F{E %R L7 (Fig. 1),
FRHTEETOERELHELUEKG23L11.6%) b AFH
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Fig. 1 Uptake ratio(/eft)and percentage
washout rate (right) of 21-MIBG
Both indices differed significantly
between the cardiac event group [Event

Event(-) Event(+)

(198+£102%) X D EE (p=00105) I KTH o7z,

4., DESHIA L SERRIT

Fi, EREBOEE NYHA 24, '2I-MIBG -
0T] DEL D AHZE, 'BI-MIBG BV A& L, #I-MIBG
Wi LR, EEHRKIE, IEREE £EEE
WX, M/ VvIex7Y) LN, ANP, L=V
HOEBEHEAAAL Cox LEFINYF—REF NV ICE
TREEEFEF BT, LEHHEOFHRTFIR
IBL.MIBG B D A& H (p<0.0001) DA TH o7z, Y
A B KO LEBERAR OZZESERERETC L 2
EEHEIX 0.50 TH o7 (Fig.2). % ZTHERYAAL
% 0.50 AT & 0.51 LA ED 2 B4 1F Cox X EENT
E{Tole 25, LEHETFAEILS 2RFIX, WDA
HL60.50 LT (p=0.0011) & € (p=0.0247) D 2 DT
HY, D AHL0.50 LTFORETIIED :AAL 0.51 LA
roRclkL, LCEREEOHENY X 71X 31214
(95 BIEFEX N : 3.9-247.6) Th o7z

5, & BIL Tid, 65 BRELEDERITIZ 65 AR
WOEFCHRLEREEOHEN Y X 7 ik4216F
(95 BSHEXE : 1.2-148) TH o7z, B D AHAL 0.50
UTOERITREBEL 7.1 Ak X 0 LBEROHE
BHY, TOHRIE L BEBHLEDOET 2R L1223,
BV AHLE 051 PLEDOEER TR OERDOHIERIZ 1 6
T ES, PORREIE 3.5 BRICERFESHEL
7= (Fig. 3). & 72'2I-MIBG B D :;AA L 24 L T Cox
SERBEN 2T 25, LERHEZFHEILS 3
HFix, I-MIBG D ¥\ L X (p=0.0010), Fi

Event(-) Event(+)

(+)Jand event-free group[Event(—)].

(p=0.0236), VI EZX 7Y L ~UL (p=0.0267) D 3
DThot. LPrLBEWHLEDBEIZ, ZREHME
BERTIC & 2 EBREORE IIRET, HoHLE
DHREED £1T, 23%BUALEE 2%UATD2ECH
i, SERBNETO L, OB UE23 U EIZLE
HWHBREOFRART L IZk oo,

FECEEE EFHONLTY, Y AA0.50 LT
HTIHRYAALL 051 LB L, SET O Y
A 7132441595 BHSHEX I : 2.8-215.4, p=0.0041)
THY, 65ELUALDIERITIX 65 AR DIERNIC A~
FETDOMENTY R 271394595 %EHXM: 1.6-55.3,
p=00131)ThH o7z,

% =

BHELTLOFERERET 2HRFL L TRELE
BEX1), BRRBRREEE?, LD, LEMTE
IR, fif /v EFRT7 ) AL ANPOZL ¥4
DRFHPRENTE Tz, )5, LI TOREMEE
DETR/VIERT Y ¥ OEFBEOBYBLTLDRK
BRPFRERBMLTWS Z & HRBINTE 019,
BT Merlet 5M3PI-MIBG 4 X —Y > 7% b LicF
BAROLAL TIRPI-MIBG O.LEA~DE D A A D8
BLTw3Z 2R, BAOBEREVERTEL D
AETLHADPI-MIBG DB D AADBHKLETH Y,
»OZDERESLALOREEZRBL TW»23 I L2
Uy, B2 IDLALDO TR BT 5 ' PI-MIBG
AA=Y V7 DIELE LT, BI-MIBG OB D A&
EEEVLH LEROZF iz, BI-MIBG D/LEF~DE D A
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Fig.2 Receiver operating characteristic analysis
to determine the cut-off point for the up-
take ratio as a predictor of cardiac event
A cut-off point of 0.50 showed high sensitivity
and high specificity.

HOERE L TRERLEHAY >+ - HtEL 7 > b
H"BHwsTWw3, L LARED ' ZI-MIBG DD
AHE, Fh, TOMORETES 572008 - #iE
fEH o > b HELBHADPI-MIBG O D AH %2 & 5
TeODIEEBEL BRI EDHRED DS, £/
SED XS, BxORRTELLLFAEENLTT 2
BE, BRI L > TUBHERBEE->TL 3. Thbb,
HZEFATCIBEOLEXREFELTEY, fOERFT
RIAE R LSRN EAET 5. £ 2 TERAIX'*I-MIBG
DFHNDE Y A A & LHOFRE, Sz IERF
DEETEEML LR AARKE S > TELE, 20
D AA L OLAEDFHE I B TOHA 7~ b - i
AT X DERLEETH S 2 Li3HR BB
wEI L7z,

4[E 46 IO LA L 2T 275 A (B& 5385 A)E
BRERE L7228, 10 (22 %) 33ET, 14 51 (30 %) TLA
LOHEE D FARLDERDRE L. BZ OEHT
{2 Framingham study'®%> SOLVD study'?iztbR 5 &
FEERBMENESITHS, IhRSERNRE RS IE
Bl LLBRRERI NS o Tz lc D EEZ shie.

BRI, DEROHBEEEL BT,
1);BBERFD NYHA #EES 4, 2) A EEMER, 3)
JIVEZEZR 7Y UL ANP, 4)2'T1 OELD A &
&, 5)'P[-MIBG DEL D A&, TWHLUETH-
Cox ZERMBATTIX, BYRAARLDHBLEROHR
HLWEFETR2TFAIL S 2H—DIIETH - /2.
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Fig.3 Kaplan-Meier analysis for occurrence of
cardiac events
The event-free rate was significantly less in patients
with a low uptake ratio (< 0.50). Among patients
with an uptake ratio more than 0.51, only one
patient developed a cardiac event 37.5 months after
inclusion in this study.

RDAARLEEHEBESZ S &1, 050 LT, 0.51 24
LD 2T TIT o 7 BT T3, BXD A HBEE 0.50 LA
TRMZTER S FROFHARFCHo /2. WHRAA
HOSOU T Tl LERHESLTECOHEN Y X 71k Zh
ZN 31215, 2445THY, MY AALLITTFHRE T
TEBRKOEFTHo7z. £71BDAALLS 051 LAE
DOFEFITIX 0.50 AT DRES & Rz D, LERHERERH
W 315» BETCHIRLEh o722 & I IAALLDS
DAREORMPTFERTECERATHZ Z L 2B LT,
BI-MIBG DL~ DELY A & HH it D FEFR R Wt
xR, DALOFEHTE BN TV 3 EE 2 BRICE
LT, SEORNTRES»TIREWY, LFLT
DLEBTD/ NVIEZRT7 Y VDRV DBRED B,RRE
WRZEEDT Y v Fav—yva v BT ED
LR, (LI T ORBHRIEEDET LS, L2 B
B0 ONE RER & v o e IR R EROBEEED
ATEL, BREBEZNLHER: bEBCEEL T
ZLO|EVH DY, LETORBHREEOBED,
REOBBEELE®REET 2O EEL T,

L L'PI-MIBG OO D AR T Y4 7
vy UEBREREEEREOR f BB OREIC X 5T
HWEL, DFRE2DOFRIFETIILOHASN TV S,
SE ORI BIBIRFOFEEE X » FHE 21T o /2.
L7585 TZEDHBDBEIC LD FEBPRKELSERESL
BATREME S b 5 2%, B, |MEHFHOWH T LAZ
DEREONBFIENE L, FREETICHBREARH
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RESEML 2ol 2L 2 ELHE 2 L, BHBHA
K TO™I-MIBG B D 32 &% D% BHIFHE 3 R\ F & 2
FHT 2 ETBOTEARRFTHE EHFEZ LN,

B OEBIC L 2,074 46 Bl 2 X 5 BRI EE
21T, FEFEIC BT 32I-MIBG L4 A —Y

Y7 OBERERERFR, HEERR, MRRERT
EXHRRET L7z, 'BI-MIBG OO NDE D A % % &
ZED AR, LEROHBRERLEIEE FHL S 3
HE—DIETH o 7z, TRICE D AAL 0.50 LT Tkl
EHRFEOHENY A 7 331205 %EHEXM:
3.9-247.6, p=0.0011) TLALDORPTFETM I 81T
3BL-MIBG 4 X —Y > 7 DEREERTRB LI,

% b

LAEDORIATFERTMIC B 2 DERZBHZFEEO®RE %R, PI-MIBG L4 A —Y ¥ 7 2H0
THRETL 7z, : '

BREVERIZ X 2VIELARELD D ABE L, BEELATRE T H - 12 BRER W LHRERED 46 Fl 2 35
E L7, ZOWNFRIZFFREERE.GHE 18 6, BMmM0KER 108, SMEMERTH, HEE
4%, zoMTHITHS. PI-MIBG, ' Tl 4 A —Y > 7 2RERFOF 2 O BTV, BI-MIBG D
A % L (PI-MIBG 2R T O OLIEOPI-MIBG OB D AAE 20T OE Y AAETHIE) & '21-
MIBG D.LfFH S DBEWH LEEZRD 2, LB (UMEEE £ 72 10 £ DE(L) O 3R 2 FHlin R
Hel, REAFEFEC ST 2 'PI-MIBG BEOB A%, BREE, AEHEEE SEEERT Xt
LERRET L 7z,

26911395 A (7.1-53.8 % A) BBBE2{To7:. ZOMIZ 146130 %) TLEHMSHE L
(LEEZE 10 B, LA2OBAL 4 6l). BERMNT CLEREE, EHEEEEZXAIL > 33581 1)21-
MIBG OE D AAH E BV UK, 2)20'T1 OB D AAZE, 3):BBEk NYHA 48, 4) EEREHER,
S/ vz €x 7Y >, LEM NaFlRRFF FEETH 72, Cox HBINYF— RFEFNICE DL
SRR TIRLERHERO FHRTRE D AALLDOATH 57 (p<0.0001) . ZLEEIER RN
b iz, MORAARLEZ0S0LUTE 051 LI ED 2BICH T TEERBIZTS &, MDAAH 0.50
DA L& (65 B L) 3 LEHHBEOFRIRTF £ 20, ;LD A& 0.50 AT TOLERHR O
VR 27 31.2 £%(95 %SHEXR ; 3.9-247.6, p=0.001), 65 BLAETIF 42 fZ(p=0.025)Th o7z, %
7o B D A A 0.51 LA_EDERITIZ LI O B b 5B b - 7z,

BI-MIBG 4 X —¥ ¥ 7" THRE L 1 RO RBMREE O IBIR I, LA 2ORHTFEFMcER
ThHoiz,
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