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L L, i#@% LAO 30-40°, HhEfllic 0-10° {gii) 7= fir
BEiD. DRI TE->THE 28
20x20cm [Z# - 729, F—#Z, on-line THEG:
X 7- DAP 5000N |z 40msec 5D Y &2 hE— K
T MT (Cpdfi+ %, ODERRESERZ 7 7 v
27 % TFM 0010 (4) T % (Fig. 1).

7 — & PO & Fig. 2 (237, 6464
< bV v 7 ZTIIELT7ZF—#1% 40 msec/frame

mmaqez
gamma camera

GCA 401

B

== - oTignt pen
color display

Data terminal
(graphic display)

€CG gate
(R wave trigger)

hard copy

17 % 10 5 (1980)

T, #120-25 7 L — LA DEHEGICHWES S .
HT7L—NT I HMER L= v S ERT RV
OO IA L 5. = OFREHLEEE ) K L#
s (movie mode display) #1775y, BE#H) 4 Bl5
T35, E-ET7 L—LDkED 7 FDS0%H%
TOWPHITEITV, T OERIEMEIC X 2 REH)
O L R TH 5. wiHLkY (ED) .07
— W GDIE B 7 v b DS0% DlREIE R L, IC
D ED oL 7 — MRICERADY S, i A hEE
LHRDIRBKILZ D 50% cut DE{ETH B
ITFEMRE S, EEFABIEITED 7 — L 5h
LA FRUTHETS. 20X LTHLA
72759 ROI ¢ time activity curve J 9 [UE A
(ES)D 7 L — L &RV, RFKICIERE ORGSR
»%5. BKG ¥, ESoifkk » 1 EFHELL LEEL T
2 W ~T W (S & 1285 & %) ORPHIC 1~2 i3

| BKG subtraction

| Paradox = ES - ED

Fig. 1 Block diagram of the DAP 5000N system.
Gamma- Cardiac
camera gate
List mode data
acquisition
Reorganization
to multiple frame
images
Map smoothing
Sequential LV perimeter ROI selection
image display generation (end-dfastolic LV)
(movie mode
display)
l:ROl selection (BKGﬂ :SV b E_D_'E_S_]
Superimpo-
sition of
ED and ES Time-activity curve

generation

Volume curve
F, dv/dt

Crioe) C)

Fig. 2 Flow chart of the process of left ventricular analysis. Abbreviations are: LV-left
ventricle, ED-end-diastole, ES-end-systole, ROI-region of interest, BKG-back-
ground, EF-ejection fraction, SV-stroke volume.
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Fig. 3 Left ventricular volume curve and dV/dt (velo-
sity curve). Ejection fraction, maximum systolic
dV/dt (max. SVV) and maximum diastolic dV/
dt (max. DVV) are calculated from these curves.

Ol TIRICEETH. 2o BKG THiiil: L 72
time activity curve 75 /SRR, Ao AR
Pl (dV/d) 2{ERF 5. o ofh#iis
5, EF, feKINHE#E (max. SVV), fg KA
J (max. DVV) %53 % (Fig. 3).

#45 functional image {2k D & 9 ICHLFE & 1T
7t~ 7z (Fig. 2). £3 ED, ES o7 — & X Vi
LOX I L TR BKG 2L (bH2
U® BKG #3ELijlnwT{zLicky, func-
tional image ¢ ROI L4k noise Z i H 42 &
MTX72). SV 4t ED &2 5 ES {% i =
LIz cinng. Wi ES{4X Y ED &
U T paradox {4 % {ffl+%. Z o paradox {&iZ
ED o/ 553k % g4 T paradox O & HIE L
545, FIZ SV 4% ED {4 Tpr L T EF 4%
5.

IR} SV {4 = ED {4 —ES %
EF {4 = SV {4/ED {4
Paradox {4 = ES {4 —ED {4

(7272 L, ED 3 XUV ES {43 BKG 2 L7z b D)

Z 5 o functional image 13, 3, gray scale,
H T —TRREDETH 5.

1) %A= ROI O#&it

FEEBEZIBIZ OV T ROL iEN EF $ X
dVv/dt iz 52 % g% it L7z, Fig. 4-a iR ¥ &
INTLEEF S (A), PR (S), LETEEDH D
W9 (1), ZEsUBEES (L) D45 2 DIfhLic > &,
kg ROL &3#RICi - T S Wi# 4 o8k L 7z.

i

£

a. b. EF
A
69
70
- L n
70 69
n
69
70
I 70
c. max SVV d. max DVV

4.19 3.46

Fig. 4 The size of the region of interest is increased or
decreased by five pixels, inside or outside, along
the left ventricular perimeter as shown in a. A:
aortic and/or mitral valve, S: septum, I:in-
ferior wall or apex, L: lateral wall.
b.c.d. Each figure, outside and inside of the
contour, is calculated using increased and de-
creased region of interest, respectively.

¥/, A% ROI &K% I 18 X8 2 Mz
S L 72854 @ EF, max. SVV, max. DVV »
BENG R L7,

2) BKG {ED#st

BKG o@@id il e LCRifid ok 5121775
#y, Z0 BKG fEOLE T & o e dIcFHEH DA
PEERNIC S Z 100> BKG REX T »72. =
DR, ARERBE O B 2 AT ER THiE K
1210~30ic b7 ), BATREBEZTHELLD
DHLEENTW D, ZOV-HfE L E R (S.D.)
FEHL, VHHEB LV 18D, £28D. 05
LY o BKG fiz v T EF, max. SVV, max.
DVV %3kiz. ZOEBORMPAIT LI TTRENE:
DHDHERTRERTLEEZOND.

3) functional image MDESR{RET

Functional image (SV #, EF {4, paradox {4)
FEFREEESL2TIC >V TERIL 2. EF %0
HE X o EF fins 509% L k& 7s B, 1
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+ Maddox & D E 9 ‘“‘ejection shell”V Tzl %
BOLLOERFE L Lz, SV BIRLC MR
2L0REFEL, BREWLREERETZLO
% %4 L L7-. Paradox {43 paradox O[3 & /2

FRIZEERWLOEIER L L, paradox O
EELLOEREL L.

. # £

1) A= ROI ORiTHER

g8 ROI ¥ agic ek L7=—fl& Fig. 4 I
5 L7z. EF, max. SVV, max. DVV O &3+
Fh, +1%, £0.15sec™!, +£0.20sec™! TH -~z
(Fig. 4-b, ¢, d). /2% ROI %44k | i+

17 & 10 = (1980)

SOREL DD IINE EE LTBED EF ok
ix 4% AN TH -7z, [FIEkIC 2 @345 ROI %
INE BTE L7 EF fEOEE) H 4% LA cc*n
Steh, 2WFEHSKELSEET S L EF Ho )
FREGNC L > TE 15% D Y &7k L 72, max.
SVV, max. DVV 4, [k 7§ a7 L7z (Fig. 5).

2) BKG fEDHRITHER

DEBEE S TI0F)IZ > T BKG fEOBEIC L

BEE) %5k LTz (Table 1), fHlx OJEFNICH>WT
10[a| 4+ ># € L7 BKG i %S.D. (% 1.4~6.49%,
<& -7-. BKG 73k %< 725 & EF, max. SVV,
max. DVV (3 k % < 72 %5723, BKG {tio> +S.D. o
TR HDOEOEIT £7% ANTH > 72

max SVV

5.0

1001
-2 -1 0 +1 +2
‘—‘\1 pixel
— &
0.————0—\:\-.\ max DVV
50 5.0<l
= - . - - ,
-2 -1 0 +] +2 -2 1 0 + +2
pixel -
pixel

Fig. 5 Variations of ejection fraction, max. SVV and max. DVV in relation to the size
of the left ventricular ROI, which are increased or decreased by one or two pixels
along the left ventricular perimeter in five cases. Left ventricle (solid line) and
selected ROI (broken line) and schematically drawn above.
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Table 1 Variations of ejection fraction, max. SVV and max. DVV in relation to the values of backgrounds
BKG(n=10) counts/pixel
case range mean S.D. EF +5.0.(%) maxSVV % S.D.(1/sec) maxDVV + S.D.(1/sec)
A 43 - 51 47 2.8 46 + 2 3.33 ¢t 0.14 3.02 t 0.13
B 76 - 83 48 1.8 62 + 2 3.60 t 0.10 2.25 ¢ o.M
c 79 - 84 81 1.4 40 + 2 2.35 t 0.07 1.68 t 0.05
D 62 - 67 65 1.4 69 + 3 4.73 ¢ 0.19 3.47 % 0.15
E 34 -37 36 1.2 73 + 4 4.23 £ 0.26 3.72 + 0.20
F 64 - 71 67 1.7 58 + 2 3.40 £ 0.12 4.21 t 0.15
G 42 - 49 46 2.0 14 t 1 1.32 t 0.04 1.02 £ 0.03
H 49 - 51 51 0.9 24 1 1.27 % 0.02 0.78 % 0.02
1 57 - 60 59 0.8 49 + 1 2.25 ¢ 0.02 1.69 £ 0.02
J 38 - 45 42 2.7 16 + 1 1.52 % 0.08 1.69 + 0.09
max SVV
EF
100

-25D -SD mea

BKG

max

+SD +2SD

n

()

-2SD

-SD +SD
mean

BKG

+2SD

-2SD -SD mea
BKG

n +SD

Fig. 6 Variations of ejection fraction, max. SVV and max. DVV in relation to the values
of backgrounds in ten cases. Backgrounds are selected ten times in each case and
mean background (BKG), mean BKG-+S.D. and mean BKG+2 S.D. are used
to calculate these parameters.
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Table 2 Normal values of ejection fraction, max. SVV

and max. DVV.
Ejection max SVV max DVV
fraction(%) (sec™t) (sec™?)
mean 61.6 4.02 3.47
S.D. 6.8 0.97 0.58
range 51 - 7 2.64-5.98 2.42-4.48
(Fig. 6).
3) IEEE
Table 1 (Z5R L2 BILAA COMERRERE L 05 70 W B

FIX16HH > W TARIEIC & » TR L7 fiiix, EF
A 61.6+6.89 (S.D.), max. SVV, max. DVV 7%
hFH 4.024097sec™! (S.D.), 3.47+0.58 sec™!
(SD) Tho7z. ZDfHEIEH

4) Functional image MD#&&+

DEBSETIC R O] (DRBD IV EE
MO e SR TREEBNIC RE Dl W iBF) TO SV
i, FOIRS 2 v it I i £/ okl
RH T A8 LIS EAk D Ny — v BOR LT
(Fig. 7 /[X). £7z EF 3.0 X 0 ATk
b BT U R H RS2 — v &R LTz (Fig.
8 i k). I 7 — T, AFEHBEICIEL
TLEPRRHBIEH OIS B BH Y, Zh
ZOEPRREOE) X 23 A=A HEEL D bz b
ERRTLLOTHAD.

Fix OLRBE ST THF LIz 25, EF
GBORIEFE ATV s SV RIFIEE Th o7,
& 250 EF G RE R Lz 166 (i Os
BI3G, BmtEOARE L, ERFEET ey 7 |
B, EIERBRE LH) DD B, SVRRREZIR
L=DiF I FloHTH -7 (Fig. 7,8). 2% H SV
%X v EF ok bRy msr o7z,
i3 6 FIARE &~ L (Fig. 9), 45 ORERIE
SV g, EFTHLREER L. DT —T VR
HEITH -2 10FTiEZ 0 REHA L functional
image DRE L TR —H L.

Paradox

Iv. & %=
D7 — W GOHMGICEBRE, v M7 73

Wi & L7z (Table 2).

17 % 10 % (1980)

v (99mTc-HSA) L 99mTc-RBC 23 Hh T
99mTc-RBC (T 99mTc-HSA L vz V77 &
DB Z L&, target/BKG LaSEWZ &, T~
DD IENZ L ETERLTWAY In vitro
ORMEREERE T F SR TH D2, Er )
BRICX % invivo EERFEEIESHICLND 95% &
WOEWEBREBLZENTEDLZLEDhTY
279, ZREOBEEMREST L HEREICT in
VIVOREHE N L TWB Z L, BEERA T,
DB R 7 — A4 0 FHiiC i in vivo $ERE: A
TICHWT W 5.

RI #fi TRz EF flig, A=y e )
T peHEEnTWBEY. 514 2 TROI
FRET AU L BEE TRV HBRE LR &
Sbhns s, EDFBEORRENRET, K7D
intensity, 7: 5 7" — L&D 43k, BKG OFEBLL,
REH ORI CI2 X » TEEMNET D ATHEMED
bB7d, HEIZ RO &BETE 5 HLEOM
RNEEN 5. WHEIEIZIE isocount ¥ & sy
ENRDLEINRHFATRIHE O e 7T 0% Funiz.
isocount ¥ TIZIERNC X - Tz % cut i
b, #£->T ROl oREFELILTETTHX
D5, L LAROEA ORFFRERTE, A
HIHHEED —2~+1 EFEOHKT L EF fio
PALIE 4% LUINTH » 7z, lE o Ais ROD 3

OEINIEEEMO L1 HFENEEZHNDS T
y)%mL1M£awambh/ BKG fficoROI

BEIC L B EEH EF fHICUFTET £7°% T
,)71 TS OFERE, AT EF fHO B
NEWZ EERLTWS

Jy T RESE B 0 SIS uﬁhWﬁmﬁ%éﬁﬁﬁ
— I T IRbh TV 53T, %ﬁMTG%&m
OBEE K ED & ES ok iHEoERAD
X B EHiE TH 5319, :um:ybaxbmk
Fl— D OO L 725, fiEE 3 OO
1RHN % anteroseptal, apical, inferoposterior (2, &
BT ERLL EOEBALITSMT T %4 D EF fE %
regional EF & L Tl 5 510 (3 A% ER
BOWHEZRD 5 LS Tw D, HICHHE I L
@ regional EF # k& 113X EF o functional image
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Fig. 7 Left, normal stroke volume image. Right, stroke volumc image in a patient with
coronary artery disease. Anteroseptal and apical asynergy was shown by the
contrast ventriculography. Note the fracture from apical to anteroseptal region
(arrow).

Fig. 8 Upper left, normal ejection fraction image. Left ventriculography showed normal
cardiac wall motion. Upper right, severe diffuse asynergy, most prominent in
anteroseptal and apical region (arrow). Posterolateral segment is also involved
(asterisk). Lower left, note the fracture of anteroseptal region (arrow) which
indicates the anteroseptal asynergy. Lower right, ejection fraction image, viewed
in LAO (left anterior oblique), reveals relatively low values of ejection fraction
in apical region (arrow) which suggests apical asynergy. Contrast ventriculography
in LAO, however did not show any abnormal segements, while in RAO (right
anterior oblique), apical hypokinesis was noted. Color scale ranges from black,
blue, green, yellow, red and white with increasing number per pixel.

s 17 @ » © 2 8 © © © g g 0
@ o 2—2—2—2—2—2_0 @

2—2- 2 o © © © 2 2 © © © 8
@ © o 2 © ® 0 © 2\ © ©8 ®©
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2.2 16 12 13 15 1 @ e @ 4 11’ @
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Fig. 9 Paradox images, color display and numeric display of left ventricle. The paradox
is shown in anteroseptal and apical regions (arrow) in which ventriculography
showed dyskinesis. The left ventricular outline is superimposed as number *2”.
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Summary

Reproducibilities of Radionuclide Left Ventricular Analysis and
Studies on Functional Images of Left Ventricular Performance

Kenichi NAkAMA*, Hisashi Bunko*, Akira TADA*, Kiyoshi Koizumi*,
Toshio MAEDA*, Norihisa ToNAMI*, Kinichi HISADA*, Masato YAMADA**,
Susumu MATSUMOTO** and Masamichi MATSUDAIRA**

* Department of Nuclear Medicine, Kanazawa University, Kanazawa
**Central Isotope Service Division, Kanazawa University

The method of left ventricular analysis with
Toshiba DAP 5000N is developed. Following in
vivo labeling of red blood cells with Tc-99m, data
were obtained by equilibrium method, utilizing
Anger scintillation camera with high resolution
collimator. The camera detector was positioned
in the modified left anterior oblique projection.

The size of the region of interest of left ventricle
and the setting of background were studied as to
whether these facters practically influence the
reproducibilities of the ejection fraction, systolic
dV/dt and diastolic dV/dt. The results showed
that reproducibilities of these parameters were

reasonably good.

Functional images of the regional left ventricular
wall motion, i.e. stroke volume image, ejection
fraction image and paradox image were produced
in 27 patients with or without ischemic heart
disease. These functional images were considered
to be more useful in the evaluation of the left
ventricular asynergy than the conventional movie
mode display and superimposition of the left ven-
tricular perimeters.

Key words: Left ventricular analysis, Ejection
fraction, Functional image
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