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ODFaRL 7 — v B & A AR, BRI,
1ELLIAHEREMOREEIZ DT

W e

Wl

fie = HZFEE*
sk EE™ NI R*

RO  HE** EF PR
NG

Bl IETR*

BEE FHOEBBEDL LG EEAH LBHE L OHRMO 7 — VT E% (MGBPT) L sk
T3k, MGBPT (:D¥EEIZ >V TR Lz, Tc-99m-HSA 2#ikt%, Ho~h2A5% 180 EEiE s+ 1
J51 60 FRIT 18 i & Ve L7z, EEKTFRENT B X D iSRRG & RIS &R L. AHE
HEWERORRY v v MEICKT 3 % 7y bA7HEEREL, ERi0&E #ill L #ic E2WEHRAO
voxel & 2WIBBRICBWTAEFL, ZhizdHorUHERIL 1 voxel DEEE R ULEEAHEEL L.
YoMy PATEIZT 7 b AERKY 2% L Lic. MGBPT L EEEFEL Y HH L AMOME T
r=0.82, SEE=29 m/ D R#FLAEEND 72, REkICEEBHES r=0.73, SEE=9.6% » B iF A HERH
o7z, L, EEERHE L MGBPT (0O OBREREZRENVEWVELEREL, iz S0m! PLTFizi

DEERIIKREL ol

L #

DERFEEROEZFEL LB 7 —F N
Y, Do =YD R ERREShTE R,
=7 fEE, JEREME, REVREMS X VLR
L7 —ngEr b 0B S ASh TE e
23, ARSI O A RERIE WM E D 72 D ]
HMUBRERLELL, shEZZABOBEND
T E W EORESAR S 3. B,
D3RI 7 — 2 @i (Multigated blood pool
tomography, MGBPT) MB.LEREEHIZHAVWS
AT EM22829 = W3 WINAEIER 7 — # IX
&, WERICSOWTORERES 5L 00, K
FRMLHE D H S REBUTE O WRITRIE D 72 0 > KEHME 75
FepE LT, EX2AMCKE» - +2cy

j

* R KEEERE =N
** gL P LREE
263426 A17H
EHREZAT 6346108 7 H
RREERSE | R RFH/NE 1144 (8 755)
WA K2R =N E
[IT == 43

BT 3FEE L2, 2@, MGBPT 2
THERAERICB T 3 EEORME, HHEL 1[H
DHHAERZRD, EEEFEICX VRO EL
XHL, FORBEIZOWTHRILE.

II. MREFE

1. EREARET

FHhFZ 30 cm, s R 20.5 cm, B & 44 cm
DREMAMABERD 77 2 F v 7 WA THRICER
£ 19.5cm, Eihfk 9.8cm, HE 4cm OFEAM
B OHZEE b >EMERERERAE 7 7~ b
LERV, %hy MATEEERSE, EOFHE
ERIEEOBfRICOWTHKRE L. EAB 4cm o
EHZoKkE#HLLIANEZ 7 v Fanhic S
2F v 7 MABREPESE, #0.02-0.03mCi/ml » &
BE» Technetium-99m #% % Z-25& (200m/, 180m/,
160 m/, 140 m/, 120 m/, 100 m/, 80 m/, 60 ml,
40ml) Ahtc. £5ET MGBPT 217w, %%
v bATZEZ 309XV S0% $TEx, EORHK
L ERE L ORARICOWTRE L. MGBPT i3
105> 180 EElER & ¥, 185/L 0 1 5m2#
MO7—4 2IE L. BWicEE, EEhM,
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T — Z G RG#ICR R B BEREIRETHC Wiz
FHEEFRLTHS.

2. ERERRYRRET

77V FAERIVEOWEE W v v AT
fE42% 2 VT, FRLEBEBE 234241
MGBPT & .Mr 7 — 7 N BE % 20 H AN DR
TV, EZE0FHE, |ELHHARSCRKHE
FHEFICBWTHEL, ZoREIC>WTRHAL
7. XHBE OFLERT 60L7 5% (F5LSD)
(49-74 5%) TLFHBESEREL44, BRUE 64, FER
HERRELOME 1 4, RMILRELGE 1 4,
FBIE1 £ TH 5. e THRERIEH 2 H
iz MGBPT B X O DMED 7 — 7 VIRE 2 BRR
MIZRELIZREORIC{To7z. MGBPT 3
technetium-99m-human serum albumin (HSA), 20-
25 mCi ZFFER#IC, Exx - =Y 2 —
2 ESE LR ENEER S v~ & 2 5 GCA-
601E vy, @HE O .LHRHIL 7 — VRE K
TRICLERIFM I THRBIRLASE X v E# AL
45FE £ TI0BE ¥ > 180 BE[EER & &, 1 56080
ZTI8HMEY 64x64 D= Y v 2 bicsF—
# % UIY4E U7z, Technetium-99m o = % L ¥ — °—
7 140KeV » +10% oF v =& B v v b

!i‘\g- 3
T
4

2}

LV LV

s

LA LA'g?

A B

Fig. 1 Horizontal long axis section at end-diastole in
a patient with posterolateral myocardial in-
farction. Left ventricular contour was defined
manually on the phase (A) and amplitude (B)
images. Then, within this region of interest,
left ventricular endocardium was determined
automatically with the aid of a contour at 42%;
of maximum counts within the whole ventricle
at each section. LV=left ventricle, LA =left
atrium.

26 % 2 5 (1989)

FUNSE Uz, BREERNCR® 72 E 018k =100
Vst o VIEX VRN L. Y
R-R W@z 16 %45 LicHfRz 1 7 v — 2 0/E
L. WEREGIC S MERA L—Y v I &1T
- 7%, Shepp and Logan » 7 1+ 1% — % Fl
filtered back projection Eizk D 25 A REH 1
€7 £ 373 mm & o (REEITETE & (ERk
L, 2hzd L i RERENEG2FHEL
7. ERFEERICIRIMEIEZThRr o7, b
EXD R I [FH LRI 3T ASERTEE
DE%&EKwtéEﬁLk&zK$E%%E@
TEROEEPELREWHEEm 2 EBIRL, €0
MEETOZ& L iz L. 0vdaho Rijkx
VRO RFEROZL—LETO 16HID RS
HELZH Y v OB E 77— =FRTEML
T A L IREE R E fERR L7z, Ao ol
PBECEZELEEBIVEE L AEONHE 1T
W, EEOPGE FHTHEEOERRERE
L7 (Fig. 1). ®ic, ETFiz#ERET 2 éEiﬂCF
Bl g&Rcs VT, EEoFETROER
%uﬁﬁ%ﬁmb,%oabwltytwfmﬁ
KA heRdl, ZWEGRILIZERI TV
Fo 2% Ll EE 2T 5 voxel FEkw, 2HiE
N voxel FZ2EE L, Aib-THELTWE1
voxel 72 D DZEFE 0.052 ml 2 F U TEBRDOESE
WRERHIAME RO, ZOHEEZET7L—AT
gL, DERREID RO RFHERET
D167 L—AIZBWVWTHE 7L — L TOERERHEE
R, 2L, EERPGTORERIV VIO
2% L EERET 2 voxel DL¥ T, KEERILE
KL ER R 0 R, EEREAMIEE
REBPR LD VEERE L.

3. DEBHAT—TIRELESEER

DD 7 —F VIREIR Y — > ZETITY, E=
ER A BITRILI0EE B8 X O ZERTRML60EE » 2 517
X VT o7e. EZFH ORI ARTRALI0EE S M
XD B L EEIIRAS & IUERE® & v
Area length iz Tk iz, EEHERMNILE
K R EORR, EBRMGERTEEFHENKD
DI vRER L Lz,
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1. EmERE

ANMEZ 7 b 2AZHAWMGBPT T %y ba
&% 30, 32, 35, 37, 40, 42, 45, 47, 50% &
BRREHICEZ TROIFHME L Eo AR BRI
Fig.2 o2& ThHsB. WFhhoo %y btz
EDHZE S FHAE L EOAMOMICHEBEREK =
098 LA ED R WM o723, B % v b
F7ERBEFHMERECE L VY EDH TR
(Fig. 2). % » v bA 71H 2% OB D HEBIE
BAE <, HEENEERZE SEE) vk, B
DEBITEWERE . WHE OB FHE
=0.75 X E D fi +30.4m/, 4E (%% r=0.99, SEE=
4.7 ml OBABGEE D 7. i, WTFRAD % by
A ZEOEFE L ERB DIz Y, EOfELEH
HEDCEZEAETRL T % R L RERIZ
KREL 2D, BERLEOEEO MR

1 EOHAHERHORBE >N T 157

R RS R b hz (Fig. 3). % #y b4
7l 42% @ BRIz 383E®R (%)=31—3,706 /| E»
i (r=—0.98, p<0.001) DBARA A B hiz.

2. BRERRORREY

Ty MAERIVEBORIREE %y b A
T8 42% #FHWT, MGBPT ick v EHiLiE
EERAHAR, EENMRHAE 1 RBHE
T, BHERZRD, EEEFETROMELER
7z, DEFICE LT MGBPT (Y) LEREEHE:
X) L o HlgT, Y=0.75X+33, r=0.82 (p<0.01),
SEE=29 m!/ 0gf23% v (Fig. 4), EZ=ILRFKH
KEO L% HE LT Y=0.67X+41, r=0.68
(p<0.01), SEE=33 m! (Fig. 5), % /ZE=INfEER
HABOoREZRELTH Y=095X+22, r=0.83
(p<0.01), SEE=25m! » B \\}i} % 28 » 7= (Fig.6).
L2L, EREEETRDZEL MGBPT TR
DEHPEDZE L ERETOHETERLT % Fr
L7cRRER L, B OMICRZER (7,)=38—3,996/

. 30%

250 1 Phantom Study /"'ﬂ,_, 32%
-

MGBPT | A - 35% S
ml ////'/ 37%
200 - -~ s 4L0%

/,—/// 7 42%

T -~ /""- - 45%

- 47%

150 / 50%
100 +
S0

. =X
True volume
0 40 60 80 100 120 140 160 180 200 ml

Fig. 2 Phantom volumes calculated tomographically correlated well with true volume.
Contours at 30 to 50% of maximum counts were used, and 429 contours gave
volumes closest to the line of identity (Y=X), and the correlation coefficient
between the calculated and true volumes was the highest (r=0.99) and the standard
error of the estimate was the smallest (SEE=4.7 m/).
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50 7
MGBPT Phantom Study
%ERRO e — T —— - 50%
o 47%
: e
0 N Y
. s e i
- T 37K
- - __________,.—»-""_F
30 — 35%
e 32%
7 30%
=70 7
-110 7
True volume
- 1 5 0 Y T T T T T T T T
40 60 80 100 120 140 160 180 200 ml
Fig. 3 9%Error: The ratios of the difference of phantom volume determined tomogra-
phically from true volume to the true volume. These ratios were decreased as the
true volumes were smaller, which indicates that the phantom volumes determined
tomographically would lead to more errors with the smaller true volumes.
250 7 r = .822279
MGBPT P < 0.01 (n= 46 )
(ml) 7 Y = .752959 X + 32.5443 .
SEE = 29.3312 o o
200 o /'/.,—
X
le) ~
- > /
150 X P
i ° % B T
100 ] © : &
- (@)
/ 2 Ox o)
T R /X X X
50 7 X % XX X
i X
0 T T T T T T T T T —
0 50 100 150 200 LvG(mL) 250
Fig. 4 Left ventricular volumes calculated tomographically correlated well with volumes

obtained from cineventriculography. (O)=end-diastolic volumes, (x)=end-
systolic volumes.
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250 7] r = .680289
MGBPT P < 0.01 (n= 23 ) I}
(ml) 7 Y = .6T4476 X + 41.4857
SEE = 33.2449 (o] O
200 7 o ///
| ° /
150 7 ° ./0
. ° @/(
- e}
e} °© & °
100 7 r
o] ° o
N o
= ‘/
0 T T T T T T T —T T )
0 50 100 150 200 LvG(mL) 250

Fig. 5 Left ventricular volumes at end-diastole calculated tomographically correlated
well with those determined by cineventriculography.

200 7 r o= .827219 -
MGBPT P < 0.01 (n= 23 ) x
(mL) Y = 954669 X + 22.1369 L
N X
SEE = 24.877 o
160 7 e
X g
N L
X /ﬂ/’
120 7 e
- el
- ,‘/
~
X
80 7 / X
X % - x X X
S )(X
- X% X
40 ] X
X
i
0 T T T T T T T T T 1
0 40 80 120 160 LVG(ml) 200

Fig. 6 Left ventricular volumes at end-systole calculated tomographically correlated
well with those determined by cineventriculography.

EEERE TR AR O TR I LT e 2
BRBRA LR, AEPIDPEVIRE, BEERIAE
{72Y, B SOml LT o EBAETITRERT
ZEHIc -7 (Fig. 7). ZEEHHR (Fig. 8) iz Y=
0.68X+2.7, r=0.73 (p<<0.01), SEE=9.6% D &\

HEAZRD R, 1EAHAEIEEOHICHEE
2 FEEIX 72 B2 o 72 (r=0.19) (Fig. 9).

Iv. £ =%
PEROLIHRBIL 7 — MEIC L VRO IEER
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S0 ~
%ERROR 0° ® ° °
04 e 1% S o
o X o °
=307
=110 7
Y = 37.9 - 3996/x
-190 1 r=- . 8770
p < 0.01 (n = 46)
=270 7
-350 L T T T T T T T T T 1
0 50 100 150 200 LVG(ml) 250

Fig. 7 9%Error: The ratios of the difference of volume determined tomographically from
the volume obtained from cineventriculography (CINE-volume) to the CINE-
volume. These ratios were decreased as the CINE-volumes were smaller, indicat-
ing that the volumes determined tomographically would lead to more errors

with the smaller volumes.

100 7 r o= 734283
MGBPT P < 0.01 (n= 23 )
EF (%] Y = ,6B1459 X + 2.67735
SEE = 9.57724
80 7
DD G _’,//
60 ] D___,.x’ o
a 1D
. o_—
a !‘_,/" o o
40 5o
/ﬂ——cr/
. s} o o a
a
207 o
0 T T T T T T T T 1
0 20 40 60 80 LVG(%) 100

Fig. 8 Left ventricular ejection fractions determined tomographically correlated well

with those from cineventriculography.

ELHRHR O, ESEERETRDIEICHS
BLAEET 3 LBESh TS, LiL, &
DHEREZED Ay 7 759 FERE, FAEOL
BRXmE Y b o 438, KA © BURERE
PREBER E0EM L BELLEL T5.

MGBPT ic & 3 EZEAHE O FHIZRIFHIER 7 —
2L, MR SWTOREEIH B, =
hoOE#ERIRMEZ LE L TEHEC, IhES
DI b b FHARO HH AT E TS
1), i3 EEOKBAO 1 ©7 Yk
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100 7
MGBPT
SV(mLT]

80 7

4

60 7

.
407

-

207

1 EOHEEEEHOREIC S\ T 161

r = .188978

NS (n= 23 )

0 T T T T

0 20 40

T

T T T T —

60 80 LVG(ml) 100

Fig. 9 There was no significant correlation between the stroke volumes determined
tomographically and those from cineventriculography.

VOJRRKIY v MNExT 5 %y A 7EER
¥, TR LBy v M2EH TS voxel ¥ & 2h
BIZBWTEEL, #ib o THIEL T Wiz 1 voxel
YUYV DOREERETS L TEROLNSE. D
BACEE sz i, DREE %y b7
B0y, 2) EEEAECAE, AFESAKLE
Ol S, 3) AEEEH T 2 WREE OB
RTHs. FERI VBB N v MA 7IEIZERD
#h14-17,1972) 13 35459 Thofz. LL,
T OfERT — 2 RIS, Xk & e 5 BHE
DEBIV Ay 22759 Khyy MEB2 2
Lo TEDLLAREMENDH 5. MGBPT 2k 5%
FHEHIAv 27 759 FA vy MEREWIE
E, %Wy NATEEED D LERD 52329,
EBROBEFAICEWTRAy 7 750 Koy
MEZS 209 BIR DEFIB L WD, % By bE
7EZ—EIC L THER ECEBERZ WL Bbh
58, bhbhii77 v PAERIVEE % b
v hA7IER 2% L Leds, Zo—EDEZH
Wi, BREBD VRO FER ERORHE
XV EDICRlE & iz (Figs. 2, 3). BEERRETY
%Y DEKE % Wy A ZEZRALEESR, &£
EEFE L MGBPT T ko iz A0 BEREIFR

DfEE 1 0.75, Y HIFix 32.5 &k -7z (Fig. 4).
Thid+iabb, BE»DVEVET MGBPT Gk
D PERERERE TR LEICEEDIZ,
T BN L VBT MGBPT T3k 7= 3HIE R
Epickhsz L2 B%TS. F@mREELEOMD
EERIAFEBDEVEEKREL Ko7 (Fig. 7).
Bz SOmIPITFCiRER LAY, ERERETR
DIMED 3 FHEL 1T B ER S B - 7= (Fig. 7).
OEBHBDI G ERERP RS L 2HEHEL
T, ¥¥E I, TORECHERALEL b 2
T & ay A —F ORRESIMRREN KBRIRH & o PR
15cm OEAITEELIE (FWHM) T 12.7mm T
H5H, EEOF<H 2T OEEEFEZ 22 cm
o<, FWHM &, X ogmLcnwas LBbh
5. ZOUFERBIRICH S, WKW ERE
LREEEES X ) OBELRBFR OV VAL,
X 0 ERICEEY KiF 3 7= ® Partial volume effect
Sk )BT REEBICR Y, EREOREIVAE
DICHE S h AN D 2212220, =z &
BEEECOREEHRERVEEHEARTH S
LEELTRD 3%, OPNIERIE DR HE i X
KYBFHOBEHIAERL 2 )R TCRBRELKRE
{rdLEZONS. &biT, BAShIERA
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DEZEBM~OHEBLEZ LN, B2, £
BEREL MGBPT T 17 L — ADROEW
Nd5, EREEFETIR 1 7 v—2ARE 16.7msec
T 50 MGBPT Tt FER 57— # N4, A
FEOMELHY, l7v—20fRiEs &=
45-80msec TH 5. Z OPRSIZBTHELLDD v
ESEEARMICIEEZ D v, ERryic A5
BDOK E VIRFEREICIIEROFHE L V kx <
HESHhBAREMA S 5. Hamilton 522 1%, i[>
HEBL S — AVREIZT L 7 v— 2 ofFEA 100
msec DFFIC IRAHET L EBROBFHEL Vb
Wic Y, WHERHARISDICIEESh S L
EHELTWw3. B#Eic, OFELLEOEROLEAY
X 2BEL 5. HEE L TRIREHICUDE
DEMCBEITS 2 L2332, FERHILDED
—HWELEL LTHET HE, EEOoRHLY
RKESHEBES N 2 RIEME R & 5. EEERIEL
MGBPT TRo 7z | EHHAROEICE2 FER
AN o (Fig. 9). Zhi, EEDO B
FEF S BWEEF S, 1 EIHHZAR I 50-100 ml/ o
Ha I S W IR e i R —B L > T
3z LR, LERTRREEMBDIZVREOBRED
WADBBEGRT 2000 Lk, (EERBLESR
DERORDFIC L o TABEHICRENAEL S
AREME2S B 5. bhvbhi, EF L EZ0.LER
PSR X CILRFROBEVWEFIA LT, £=
DOWrE T L IRIBEGRE(ER L, ThiBBEiC
WE OER & AR L Fig. 1). WEE o B#BR
ZDOWTIE, fERE D AREMNTREERS, KRN
[E#161), MERENTEGRY, & E RS0
ERWTWEDR, WFh b EEERER LR
D= NVEIPOEH LEEZRF Lo TREN
MEEA TS,

PLEX Y, MGBPT 2k VR i-ESEEL,
ERERETOMEICES, BESDEVEICIAR
ECHHENBEERIRES Ko7z, FICAED
50 ml PTFORICIIZEHICKE kot T,
100ml L TolElic b wWwERICHERZA S
MGBPT ik VR 7= 1 BEIHEHAR I, BELK
ELLEHEOTERWLDTH o2, L2L, §%
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Summary

Accuracy of the Measurements of Left Ventricular Volume
and Ejection Fraction Determined from
Multigated Blood Pool Tomography

Takashi YAMAGISHI*, Takami SASADA**, Junya MAEDA**, Takato KOHNO**,
Kensei YOSHINAGA**, Hiroshi OGAWA*, Yasuo MATSUDA¥,
Masaharu OzaAk1* and Reizo Kusukawa*

* Yamaguchi University Hospital, Ube, Japan
**Tokuyama Central Hospital, Tokuyama

Accuracy of the measurements of LV volumes
and ejection fraction determined from multigated
blood pool tomography (MGBPT) was tested in
23 patients with various heart diseases who under-
went cineventriculography (CV). Preliminary phan-
tom studies showed that a 429, threshold value
was found to provide the best relationship be-
tween measured and actual volumes (r=0.99,
standard error of the estimate (SEE)=4.7 ml).
The patients studies were performed at 16 frames/
cardiac cycle at 18 angles over a 180° rotation for
one minute per angle. Long-axis horizontal views
were reconstructed. The numbers of LV voxel with
counts above the threshold value were summed
and multiplied by the known volume of a voxel.

Measurements of LV volume (r=0.82, SEE=
29 m/), end-systolic LV volume (r=0.83, SEE=
25 ml), end-diastolic LV volume (r=0.68, SEE=
33 ml), and ejection fraction (r=0.73, SEE=10%)
determined from MGBPT correlated well with
those determined by CV. However, the ratios (Y)
of the difference of the MGBPT-volume from the
CV-volume to the CV-volume were decreased
progressively and negatively as the CV-volumes
(X) were smaller (Y=38—3,996/X). Thus, we con-
clude that the determinations of volume by
MGBPT would lead to more errors with the
smaller volumes.

Key words: Multigated blood pool tomog-
raphy, Volume measurements.
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