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Ny v FRIT Ule, ERMEAOERERZ (SD) Z5EHE L —0.7~-08 0ADHBEEZ R L, T OMH
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control A EICHIk L7225, ISDN, nifedipine, propranolol #5123 Z o kEImHl s vz, Zhicxt

L, DiBERBEZER] Tk Loiie o SD fHITBEBNERF & kT 5 L HEx 63 b0, AREFD RKISIZiE—
OIS bR o7z. BEX D, PSEFICBW TIXARICEES SD ED KR 5 LEERED

KRS I AENREE R THRE L2 D 205,
SHEORMPBELEZ bR,
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ORI 7 — v f8h 515 5 5 D R iR 2
7=V WL, KWFHET Lo RWIFEE LR T
% [ FISEHT (phase analysis) 13 Adam ¢ o #4500
HRJE R LY, LEiEET R (Asynchrony) o
R, DRI OB W 35 2 F R
MAHHATWBID, = 0 5 b e TREED)
SLH % JEBUMLIC R 5 2 & R L EE
BEREAET 0, BN O BEBE O T
AR E OSSO, AR T, HE)
ﬁi‘nm 7—n v v F (RNA) & fifT U, NCARREHT
X D /EHEBERE O E R E 1T 9 & & b,
%ﬁuwﬁﬁkk DT (AT O i A S BT & N

zZlz.
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Il /HRELVHE

RRTTER B 10 1] (G-1: 340 55.1 5%), B
OME 12 1] (G-2: 56.0 5%), BiIH MR gE + Bl
di 12 1] (G-3: 52.3 %), BRIAVERTEERIZE 17 61 (G-
4:58.1 %) OSIFITH 5. HIBIERHIT HHAE
W 5 0B E B R E ORI R 08w b h
NGl EBRA T,

1) RS AS TI-201 LW (SPECT): BA AL
F#Z# T )L o 2 — % — (2 X % symptom limited
£ BT % v (Fig. 12)?, TI-201 2~3 mCi #
H103#% 8 X 04 1% o SPECT 57— # # IN4E
L, fEMIC redistribution (RD) o % fa5Et L
7z. SPECT (2T RD % 38w 7o il & Bl (+) &
L7z,

2) SEEHERIL 7 — v v F (RNA): Te-99m
T AR CARILERICAE R, U 7o, YWoffghic multi-
gate #: % J v, modified LAO 40° [Ty > F 5
A 7 (Siemens ZLC3700) i2#Ei L7z =a
— 2 (v F Ry y 2400) i F — 2 & AL T,
i ) & i1t Fig. 1b 12783 X 912 SPECT BicsR
W7o KATTE (MWL) o 50%, 75% @ 2 BeEA
e L, A A— 0T LFHE 40 msec/frame
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T 543, EBEIRE D4 2 43[H] 20~30 msec/
frame TiT -7, ¥k, KAIE L THRED 2485
BC T RToOIFEANT I L.

RAEBTE S =a v Ea—2 VY RF A (Vv F
sy 7 2400) E VT ARE 7 — Y TRTICL D
TV, RIINAHA HBIEN A £ T MG HRE
TRFLI. ZLT, fifiA 2= koLl
OEMEBEL, (AL 2 b7 7 ARfER L
(Fig. 2). © =z b 77 2% R-R [ % 0~360° &
L, ZoOE#ERZ: (SD) kvl F7z, 514h
31451 ¢iZ Isosorbide dinitrate (ISDN) 5 mg, nifedi-
pine 10 mg & F1 304y, propranolol 20~30 mg
RO 1R R IS RIRR O AT &2 4 0 IR LAT VS, ZAH
FERT O > HFERI ORI > W THRE L 72, it
EIT T CRRE, 2 REEZ M, GRER ST
FEELHELL.

III. &% =3

1. E#({RZE (SD) L A= HE (EF) ORE%

SD i & EF oB{%#% 4% & (Fig. 3), LB/ (&
S O 63.1512.2/min), FE¥AT (Ex 1: 040
¥ 100.2+ 14.4/min), FE (Ex 2: 043 121.8 4+
18.1/min) (25554 X 52 % O [ i r=—0.7~
—0.8 DADAHMEEED H i, Asynchrony o FL1E
BREWIZE EFRETT2LEEA L. £k,
REAHAERT © SD fEZ O HIKIC £ D58 & 21T e
T LRI E Tz,

a) Symptom-limited
Exercise

Max
(Watts)

Ex. 201-TI SPECT
15

1 2 3 4

5 n (min)
MWL : Maximum Work Load

24 412 5 (1987)

Table 1 Comparison of EF and SD of phase angles
among 4 groups

Rest Ex 2
EF (%) S.D EF (%) S.D
76.4+6.1 7 [11.2%5.9
*

G-1{70.2+7.0 [13.7+4.8

L

G-2 [66.526.6 1 [12.944.7 4 [63.412.33 21.0110.9%
i

G-3 [60.3211.47 [19.129.0 3 [50.8210.54 |29.910.73

* *
G-4 |36.8+13.07 [34.4416.25 [37.3+16.24 40.3:19.9J
«+ P<0.05, *+P<0.01 (rnean+S.D)

2. EENAWFICHS SD L EF O%Eit

SD f & EF 0B ARHct: ) ks 4Tl
ARt L 7c (Figs. 4, 5, Table 1). 1EH ] (G-1) T
1, FATc X v EF 1370247.0%—76.4+16.1% ¢
FrEicHmL, SD{EI | flz & 2FITETL
7o T AR LB E B (G-2, 3) T EF i3 %
NZFh 66.516.6%—63.4+12.3%, 60.34+-11.4%—
50.8+10.5% LK TF L, SDffiix*h #4129+
4.7-21.04-10.9, 19.14+9.0-29.9+10.7 L £ & ic
HIK U7, BRIBVERTEERESER] (G-4) T EF 3
BOENRKEL, AMICHT DRI —E D
BE» bR o, SDETHEHEME R TR &
R 2 R TR B, S h o OREM T
SD fti > ATIc %t 3 2 SUS IS HERE AR D &
N, ZhLfEx 0B bE 2D L —EOHiInE
AL oTlz.

3. SD {EELIMIMEFEDEHR & DEE

PelMER 2 A % 20412k L ISDN, nifedipine,

b) Radionuclide
Angiography (RNA)

Ex 1 Ex2
75% of MWL

50% of MWL

é»magmg Zn'ur\g

3 3 (min)

Fig. 1 The protocol of ergometer exercise with SPECT and RNA.
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Phase Histogram
Normal case (G-1)

Old myocardial infarction (G-4)

At Rest

Exercise

At rest
Exercise: mean

s mean=137.4°; SD=9.2°
153.3°; SD=T7.0

mean=167.2°; SD=36.6
mean

188.4%; SD =392

Fig. 2 Phase images of two cases (G-1 and G-4). The SD of phase angle of left ventricle
and its mean values were shown.
n=51 n=51
SD y=56.9—0.63x S\? y=68.6—0.78x
Y o r=—0.81, P<0.005 ™ & 1=0.78, P<0.005
° L 4 .
50 . 15!
50°1
25 .
25
0 0
10 20 30 40 50 60 70 80X 10 20 30 40 50 60 70 80X
EF (%) EF (%)
n=51
Sb y=69.7—0.78x
hd r=—0.79, P<0.005
751 s
At rest | At Ex]
50"
25 1 At Ex?2
04
0 20 30 40 50 60 70 80X
EF (%)
Fig. 3 Correlation between SD of the LV phase angles and EF at rest, Ex i and Ex2.

Significant correlation was shown between them irrespective of heart rate.
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BOE S 24 %1245 (1987)

Ejection Fraction

G—1 G—2 G—3 G—4
(%)
80
704
60
504
—p<0.01—
404
30 —ns— e
\
201 L—p<0.01—
104
ns
0 mean + SD
Rest Ex 2 Rest Ex 2 Rest Ex 2 Rest Ex 2
Fig. 4 The changes of EF on exercise were shown in each group.
Standard Deviation of Phase Angle Histograms
- G—2 G—3 G—4
sS.D G—1
701
60 i
504 ]
— ns—1
40 / 3
30
204 -
104 L—pP<0.05—
ns L p<0.025— L P<0.01— ——ns——
N mean + SD
N Rest Ex 2 Rest Ex 2 Rest Ex 2 Rest Ex 2

Fig. 5 The changes of SD on exercise were shown in each group.
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ECG change Standard Deviation of Phase Angle Histograms Ejection Fraction
r—ilkﬁ r—-—‘*—‘
—*%— —*k— —*%—
L S.0 —* (% ek
76"4" *n 807
-03 304
70
-0.2
20
-0.1{ gn o 60-
0 1 O : control
104 & 1ISDN
A | nifedipit
501 o: wow:\’:lol
+0.14 * P<0.05
**xP<0.01
i 0 ,I mean + SD
Rest Ex 2 - Rest Ex?2 Rest Ex 2
Fig. 6 Effects of ISDN, nifedipine and propranolol on EF, the phase distribution his-
tograms and ST deviation.
Standard Deviation of Phase Angle Histograms
s.D ST #B) STREH S.D ST #B) STREH
704 7 701 .
60+ 60
sy T T L/‘ 501 T
. 404
40 4
L?‘ 1
304 304
e x— Lad
201 - —ns— o 1 —ns—!
I [
| of = b
104 —ns— . 1 T L e
L _pg_1 (o) : control * P<0.05
® - ISoN *%P<0.01
meant SD
Rest Ex 2 Rest Ex 2 Rest Ex 2 Rest Ex 2

Fig. 7 Effects of ISDN and nifedipine on the phase distribution histograms in the patients
whose ECG changes significantly improved after these two drugs.

propranolol # 5. U721, [Rl—o Afiiic T
AL T — vy v FEITVLEM O, EF,
SD fifiiz > v T HEESERE (control) & Mgkt L 72
(Fig. 6). Control [, [>E[X T ST A FIZIK
TFL, EF 4 L. Zhics LIRHIO $ 5.1%
Tk ST oAbz &M & 72 v, EF 0@ iz 8»
Loz, TOBEEMEITTRS L, K
Flo £ 54 Tk SD {1 control 12 e~ £ fifHA

HEoRMEE R L.

4. SD {i L:BBNEWEHEEIRST L& L ORSE
A U7z & 9 12 BURVERTEEREIER] (G-4) 1217
% SD X K/ID 2 FHT4M T bz, SDfE L ST
FRoBE#E D L, SDEOKE LR T 64
6 Bl R TIC AR ST ERAFTD b,
INEBBETIEIFDO S B S HIORTD Y WEERIC
AEZE (p<0.05) 23, BEFHEDRH L ST L
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24 3% 12 5 (1987)
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& 104
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.
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Fig. 8 Relationship between 4SD and 4EF was illustrated. Significant correlation was

shown only in G-2.

FLof#zES3T5L0LEL LN,

ST 5. # 28w 7= 114]iz ISDN, nifedipine # &
HLRKED AT {T o7, ZOfEH, ISDN T6
i, nifedipine Tix 51z 3T ST R 3okt
L7z. L2L, Zoko SDEOEL KR+ 5
& (Fig. 7), ST &), AEH & biz, RO
LRt T SD EICI AR OB 2B i b - 7z,

5. 4EF & 4SD (RE8i% (Fig. 8)

HEEHARTICEE S EF & SD o Zfbic>nWT# 0
BEsEM: % it L7z, G-2 Tt 4EF & 4SD ofiic
X RFRAOHBERED bhi. Larl, G-,
G-3 TIEHEHE O HEEKF-03 LK<, G4 T
FEE OHBRKIE S S ITEETH - 7.

Iv. % 5

ek & v FEEEEEB) O 22 R (Asynergy) i3
EEEEFRECL VRS TWS., FiLTH,
T IR BT & N & 7o BESE B o R AR 2
% (Asynchrony) O FEMASALAEAREATIC X » AIRE &

7Y, eSO SD fHid A EHEHE O HUERE & SO L,
EF L SD fHIfio AL H 5 L HiES
NTW B89, KfpEcix, ARTCtE> SDIEOE
{bz#at L2, EF & SD EOBMRE &5 & il
FHOMNCIE, ik, AR L Ic T A0
BAAER® i, SD & ZERHEE & o7 Bl
AR Eh, ¥z, SD EEBIMANIC X 5.0
OB UVIERF ] 0 38 W (FREE S 23], AT
BE 200D o X 2 PP VR THRAL BEA S
1o,

ARt gt R S % SPECT iR ic X
5 A BT, SEBVARTICLE O BAL & ALAHART I
TREILE. Z0ofR, FEEFFILELIOLS
G-1, SPECT ¢ & Y AR S hic G-2, G-3,
B ME B G4 125 5Lk, AR
o EF, SD {0 b & lilg+ 5 L K REO R &
{FEbashi. bbb, G2 FEHIHFICITIIESR
B (G-1) L33 bhieh o7 ns, AR
G-1 L3Rk y EF o FE0 WY, SDEDHA
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N b, EmPEE L X Y Asynchrony 73
L, SDEOHKE2 LB LEZLDLEEZLR
7o, [FRRICBRIBEOHHE L2 AL TS G3 T
13 %HiE 4 Tz Asynchrony 23 {FFET % 72 9,

SD X Z#HE 0 S EEZ R L, AR 13 i
MWD L KB LT SDfEIZ & Lk L.
I DORERE, SLFEENT X KR O Asynch-
rony O S, JEENATTICFE S B MtEZ b o 34
CHARTHBZ LERLTWA., I5IT, HIEL
SEIRDOLYR & (AR i THRFET S % &, SPECT
12 T4 A % 389 7245 <1 ISDN, nifedipine, pro-
pranolol D¢ 5., EBE s ST {£ i3 control
WCH UM L 75y iR (b o E IR S h,

Z O SD ffiZ control Izl LHEEDEfEEX L,
MLzl 5 Asynchrony o HEASEEAFNIC X b 0l
SN EEBENIORT LD L EX LR

G-4 OLHIRED SD HIZ R 2 R 6 & HikifK
EZRTEICHT bRz, bhbiud, Pk
Bz 3¢ 2 ATTREEIEN ST L7238, ERARD
A L BEFRE O R LI L TwaZ L %
WEL TRV, SEIOKEHFTL SDEAKEN
iz ST ERABIVNEZIZL W L3, BEBE L ST
Pl ORGEMZ TR LTWS LD EEZ LR S,
LhL, G4 ToOERO SD EOEE 2575 &
WL oA OREAAEED v, Al SD E
DOEITIFZ AT Y X NED Lh, AT 3K
RIS b —E DA & B d 7=, F7z, ISDN,
nifedipine @ 5. 12 13 AEEEZER o ST L&
A &, BEBREROYGENHEE Sh B FlicB
T3 SD fiiZ control & DI ZERIZED S h
T+, BEEEORELI A LA oz, ERSIF
Nitroglycelin o1 Fii#% THIZER » SD fE 2 it
L7c#E5: SD fEOM K %380, ZhixEAlo#S
2 & Y BEBHRE 0 2t 3 B SEIR & ANE O S ASTETE
FTHRDERE L TH DY, S0 D EKE O ST
s SDEOBEFLREOBFICL 3 L L&
Zbhd. LaL, HEARE O SD{E o %k
(4SD) # 4EF L OFfRCTRE LIz &L 2 5, Bl
SER] (G-2) TRMFICRIFSAOHBEERD L
DD, ORI G-4 TIIAHEIZERD bz h

S, THhHDORENLL, HERMICEWTIE, fif
FARRHTIC X 0 BB AT O BEBNRE O 2 b & 5Tl 3
BIi3—o0RAVDDI LOLEZ ORI
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Summary

The Usefulness of Phase Analysis of Gated Radionuclide Angiography
in the Patients with Ischemic Heart Disease

Shigeo UMEZAWA*, Hideomi FUstwARA**, Masayuki HIRAT**,
Nobutaka SExI**, Michiaki HIROE*** and Koichi TANIGUCHI****

* Yokosuka Kyosai Hospital, Yokosuka
**Tsuchiura Kyodo Hospital, Tsuchiura
***The Division of Nuclear Medicine, Tokyo Women’s Medical College
****The Second Department of Medicine, Tokyo Medical and Dental University

Quantitative evaluation of ventricular contrac-
tion abnormality at rest and during exercise was
attempted using phase analysis of RBC-Tc-99m
radionuclide angiography (RNA). We performed
RNA on 51 patients (normal case: 10, angina
pectoris: 12, angina pectoris with old myocardial
infarction: 12, anterior old myocardial infarction:
17). Standard deviation (SD) of the phase his-
tograms distributed within the left ventricle was
calculated. The changes of left ventricular ejection
fraction (EF) and magnitude of ST deviation on
exercise were also evaluated. In 24 cases with
angina pectoris, the SD significantly increased on

exercise, while EF decreased with significant ST
depression. This increase of the SD on exercise was
abolished after administration of ISDN, nifedipine
and propranolol. In contrast to this, the SD of the
cases with old myocardial infarction variously
changed on exercise. These findings indicate that
the SD is useful for the assessment of cardiac func-
tion and regional wall motion abnormality induced
by exercise, although in old myocardial infarction,
it is to be determined what those SD changes mean.

Key words: Radionuclide angiography, Ergo-
meter exercise, Phase analysis, Ischemic heart
disease.
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