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Reproducibility of non-invasive measurement for left ventricular contractility

using gated myocardial SPECT
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Abstract

Purpose: We ftried to establish the reproducibility of the measurement of maximal elastance (Emax) and to
compare the degree of the reproducibility of two estimation methods: single pressure-volume loop method and
parameter optimization method. Materials and methods: In 47 patients (42 males and 5 females, 53110 years
old) with suspected coronary artery disease (ejection fraction; 22-68%), gated Tc-99m MIBI myocardial SPECT
and arterial tonometry were acquired. In 11 patients among these 47 patients, gated SPECT and tonometry were
performed twice consecutively with patients in sifu. Emax and void volume (Vo) were estimated using single
pressure-volume loop method of Lee and parameter optimization method based on linear approximation of
Yoshizawa. Correlation between the consecutive measurements by each method and correlation between the two
estimation methods were compared. Results: Reproducibiity of Emax (r=0.96) and Vo (r=0.99) by single
pressure-volume method was better than the reproducibility of Emax (r=0.89) and Vo (r=0.64) by parameter
optimization method. Correlations of Emax and Vo were fair between the two methods. The correlation of Emax
(r=0.77) was better than that of Vo (r=0.65). Conclusion: Reproducbility of Emax measurement by single
pressure-volume loop method using gated myocardial SPECT and arterial tonometry was excelient. Reproducibility
by parameter optimization method was also fair but was less than that achieved by single pressure-volume
method. (Korean J Nucl Med 2001:35:152-160)
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Fig. 1. Schematic explanation of end-systolic elastance (Ees) estimation using muiltiple pressure-
volume loop (a) and time-elastance curve (b). The maximal slope of the line connecting the
end-systolic points of mulliple pressure-volume loops reflects the myocardial contractility.
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Fig. 2. Schematic flow of iterative calculation of Emax using single PV loop. The iterative calculation starts with the
initial value of Vo=0 and the physiological constraint found by Senzaki et al, and continues until AVo=<Q.]
mL using Eq.2). The Vo estimated by iterative calculation is used in Eq.(1) for the estimation of Emax.

a x testb

r Emax ~ E(tes) =

Elastance: E(t)=a xt+b

Elatance

I
|
1
|
!
1
1
1
End-systolic time (tes) |

N

fes

(=2

B Time

Fig. 3. The concept of parameter-optimization method
for Emax estimation. This method uses the
assumption of the linearity of time-elastance
curve from the initial (t=0) to the point (t=tes)
of maximal elastance.

V,=
APPS(_I"___/ttr::x)) X V( tmax) - V( t/tmax) K ——"—‘E(l{:/ t;nax)
P(Y ) Bl )
P(tmax) E( tmax)
)

RIS AVorl 0.1 mLECE ol Fuk
s3ek A 2)ellA] 1 Vog o] Aol Wol &

£ F8lsich

(2) UH7HH"A R X3} uhy

At gl ol 2= AAA L) AL-BAE
4e A ol 4 5
(Fig. 3).

]

R
A9A PR & F 9

T

E(t):axt+b:7€%‘70 3)

9] Aloll4 ti= A7kolaL, a, b&} Vo AAH
ofof & miuizo]th. A|(3)e ol Aoz e

@ 5 qe
vin=—E0— v, @)

webA) P, VO ANE ol gstel AR
W oz Al RS, b, VorE Qe &, @)
delo] AR FH AU RS T
9.

7. EH A

HFo] et A4 HFo] 2% FHIE
ew¥el 7 e AN AURAE DAY
5] Aole] Pearson AHAFE Tjo] FBEAS
Aegelgich Tl PVL Wit miAle H =)
Yoz ol gk Aole] Aol% e wpilow

AL BB



166 ohakaiolelsi]: #1359 A3 & 2001

< 1t

1. EMED ST

A 470)) oheled whel PVLAbEel )3 o)
BAEY odBuEE= 7+ 3.240.79 mmHg/mL
(1.6 ~4.8 mmHg/mL)¥} 32.92+43.94 ml (-23~
157 mbolglek. oA 213k whill el
o} FNeAELS 2.3940.64 mmHg/mL (1.2 ~5.0
mmHg/mL), °§X‘§—r—¢4—‘—,} 22.42+43.51 ml (-43~

132 mL)o| it}
ure 2t2to] FHEA

2.
B Zoddt 11l djdll Y PVL wHie®
HAAGA &3 AR EE 7 W 33 Aold
Fako] 7Hzh y=0.89x+0.25 (r=0.96, p<0.001)3}
=1.09x-1.63 (r=0.99)¢] A& (Fig. 492 Hgich
glar v 245 o 2E AR ES
=2 Aolg) Akdto] y=0.94x+0.15 (r=0.89)
o, dAHEI e AULE y=0.46x-7.6 (r=0.64)
o|Qic} (Fig. 5).

o

o]
(=4

o>«

5 150 =
o 4 d o yd
o o~ > 10 e
Lu ,/' [ © 0 '9'
o 3 // -lq—Jl 1/
i) o © 0
g /’o g 50 ,’/
=2 o 34° a k4
/’ [ 4
- " y=089x+0.25 T, £ y=109x-163
# — L4 _
cC 1 7 r=0.96 N ; r=0.99
AN Ve S
r/ ,”
0 1 2 3 4 5 -50 0 50 100 150
1st estimated Ees 1st estimated Vo
(a) (b)
Fig. 4. Reproducibility of single-beat (S-B) method for Emax (a) and Vo (b).
5 ~ 150
© ’/,
24 e ° y = 0.46x - 7.61
Lid = 100 r=0.64
o] /'o -8
_,G_J, 3 ,// *(-U' -]
:.a 2 L // @ a"/’
4 yL o -
- o °y=094x+0.15 2 0 i °
S r=0.89 N 20
I” f“’o
/ [ ]
[ N
0 1 2 3 4 5 -5 0 50 100 150
1st estimated Ees 1st estimated Vo
(a) (b)

Fig. 5. Reproducibility of parameter-optimization (P-O) method for Emax (a) and Vo (b).



27341 2] 69l AlP|E AT SPECTE

o8 HWEA Y 53

)
A
oX

)
i)
1o

157

6 — ¥
I’l
o5 LI
-8 o° ® /"
° S S
g4 ° o
0,/ o
@) 00 ¥ °
] /'Q
o a,’ % 8
Bl gan
8 2% , *y=1.08x-0.53
o VY= X -
W i r=0.77
/,' o
%o 1 2 3 4 5 6
Ees by S-B method
(a)

Fig.

e g 3 AR E Fr
i Aelel] AR £ 4oE wgith Ry
(y=0.63x-0.69, r=0.65)Hth= e 5ol
o AJole] Alglo] 9rH(y=1.08x-0.53, r=
(Fig. 6).

S E(EF)
7rebela §88k A
work)-2
=71% Fo) ookt
4 2k el
1 W}E‘r A "J
SEEY, o] &%

e ouAuE *J%}Ol dg zv}.
Aol 3 A5 vehdlE die Ak ok
7 Raje) F A B(Work)e] Azk wWistE
(Power) g RAYY otelsl Bsle) wjs vepd

SAE AT HEAES Hol vrhi:
Vel AkEieh. £ oy 25 Azhl @t

el st DolE Wee del A%

9 &S

6. Comparison of Emax (a) and Vo (b)

Vo by P-O method

150 '
¢
- (]
100 o .
° L
o o e
° 9, ~”
50 X
el
]
-]
[
L9
0 ,o/g% oo °
o B - 063x-0.69
/’l L r=0.65
-50
50 0 50 100 150
Vo by S-B method
(b)

by both methods.

% 24¥a7 sk Mol N
AP EE B Aze) ARsjs) o) 5
Hog AFo 5245 x].zﬂﬁ- vlodsl= A 3Fo
c}” Tasron) FHEl ARl FHee A
velsh Fatel Y H&t Azt WzAolck?
Suga 5ol Ag Ak ANPAEL Ayl
wh Qg 4 gl Aoty A¥eld wistol
A2 o] Mo E-Fu FHllA FE7IE By
$E Azl £/ GHEL Tk o) Wy
o2 o] A9 shE-RaFAdelA QRIE
3k -2l vk Aokl A Felol 2
g &S 3t (Flg 1).
2 Senzaki 52 Ao 79 vhokdl Arglo)A
Sah, 9 RlAE A A2
Cagn gelsd AwEs) el 998
uwoﬂ el A7l W) s
988 Azon AT
- %ld%%*é%oﬂ J_-L.ol»— AR NFew 24
AZhE Atsen A} AR E Fol
olzkel Awieloll et SekAA) ek Ae] UA
3 moko] Hr}. o] HAE o]8slo Senzaki G-
Sl PVLE o 83to] HURAES FAsArh
Lee Z'92 Senzaki 59 HekAE ZAubHz
MGG eR 4 Y 4H-HaFag o) dalel

43Aow A BT JHRANE FY 5 U8

;9

(4]

o

T
¥



158 The Korean Journal of Nuclear Medicine : Vol. 35, No. 3, 2001

I

Normalized Elastance
o
(&)}

0 0.5
Normalized Time

(a)

0 0.5 1
Normalized Time

(b)

Fig. 7. Typical cases of normalized elastance curves for linear (a) and nonlinear shape (b).

3 Yoshizawa §7 BEAYe Y 73
4% UoleiE vigon AZ-BHE TAol By
Fol FHAAE Ao Bol Bk
QoA AR wobe STk s ek
AYPRAE ol Betol AUBHES FAsG
o] o R % oY PVLE o|&3lo] HeEF

JHBTE 8 4 9lolr) o] ¥hHL el PVL
o] Agsle] e zke] AFAT AetolA] AYS

A ARG 23 ul
Hol o f AAZ AZ-UAS FAL Aol
A wlolut F4ol7] wiEolea Aztekch (Fig. 7).
o] MPiE Aol A8 fllAE A shAol
Bofhs 9ol diste] mER A77h Ao

Sl PVL wbist sl 243 e 2o
BT AARIE 28 o A% Ao A

B Aol Fgeh ey e -3 Wy

AR ke AR gl ARl o Ugks 1
ol ¥ et (Fig. 6). 4 F W olo}A]
Hogeln 24 W) ANRLES Lort JERI]
£ At WEel F 7hsAel Utk St 2L

w78 QxjelA] dgAel el A 7tel 3048(=15
Ex2)Z A e Bk Abgea o) AT
A3te Bl AXlet s 243}
oz o HURdEst JHYse W 24
2k Aololl EA S A 953igiek. aEht o] B
HoZ e ARG DY PVLEe) AAF
ur uskn Sel duRelsl ARA B Sk
o (Fig. 5). o= b pes A e 2
BAE Fao| Azl ol A¥Heleks 7Y 3t
ol g ES FAsel, AAZ A EN 9
A= 1o AL A7l E F4lo] thh A A
A glojd F4S ely] wiFelzt i (Fig.
7.

v 3 2 i Al A7
SAE T AYAdl oEAHelch ool iz
o2 oy PVL W2 Aeld Al%k=7(physiolo-
gical constraint)g o]-8slo] HRAAES F43

7] wjFoll A|Z7F-ErAE T 9] Al W J3kS
What uhebA] AoiE o2 AEAge] Eokvka A7k



Reproducibility of non-invasive measurement for left ventricular contractility using gated myocardial SPECT Kim, et al.

o}, gkl PVL 4o
29 o o 9RAY AT AR,
of ATollA] E7h ZAY Aol EL 44
AT AN FHAE ebich FETAALAY
A7 FE7)%0] FaAoE I AS Tk A
W ES 24T Levt I3 o ekl T4
o] Po)TAe Al 22 Hest av

o] QAFol|A] o] &3t QGSER AL o}F] Zhale}
Agke] HAo| qbsl Alo]E Al SPECTAE ol
Sste] HolE 3R AT QoA sk A
gk 22 S eEE ee 9% AT ¥
aa A2 AR TAE dodl AT I
THEHE 78 T 3% Az A4

olv] Fel& QGSE ol&ztodAx AlolE A

s 4
dgollx 2o Al EAR Alo|E SPECT <
& 5 Aee Basiich” Ak e

-

o]
=

B U Ao E AT Qe A5E A%
:é]

1.‘_:__2_
L84

QTN T i
2o Aol oA AGHoE
4 7kl deiolof oje]
A8 QTN B Sl
Talglonz gog dTeoior & Faolch

SR Aol AF SPECTZ o)gsje] 244
A9 A Ee Sgek el ANde =
A gk gt selg o 279
s oz Aog o ALl Hold 2
oh TR B e BaEeAso) ojAE: 477
(A 427, olat 5%, BErhol S34, FAATY
E 22-68%)°ll4] Tc-99m MIBI?ﬂO]E Al SPECT
o} Bl @ BEw 7IAE S ZAd) o] = 11
ol AE ¢ Aol $2014 i dAolo] F
W =Aelich Ao g FARE Lee Sol
Aekst vl ol# Byl yg] B} Yoshizawa &
o] AIQRRF A¥EAtell o3k wi/ s F A3} wi
o2 Fsrt. Aok ANBA ST 0.96)
I FRAFIERAG 0.99) 9] ARG Y -
3 arel o] wiwes -3 WU ek

—

. Kass

159

0.89, A 0.64HH} FiTh F o

*é%% ABAGTE 077, AR
ek AE: Alo|E A<t SPECT

Soge SAew Qo) Bl e 3
WeE 4% AN AT AU

A ST sl b 2

T

. Germano G, Kiat H, Kavanagh PB, Moriel M,

Mazzanti M, Su H-T, van Train KF, Berman
DS. Automatic quantification of ejection fraction
from gated myocardial perfusion SPECT. J Nucl
Med. 1995;36:2138-2147.

. Lee DS, Cheon GJ, Ahn JY, Chung JK, Lee

MC. Reproducibility of the assessment of myo-
using gated Tc-99m-MIBI
Nucl Med

cardial function
SPECT and quantitative software.

Commun 2000; 21:1127-1134.

. Paeng JC, Lee DS, Cheon GJ, Kim YK, Chung

J-K, Lee MC. Reproducibility of an automatic
quantitation of regional myocardial wall motion
and systolic thickening on gated Tc-99m MIBI
myocardial SPECT. J Nucl Med 2001; 42:
779-842.

. Marmor A, Jain D, Zaret B. Beyond ejection

fraction. J Nucl Cardiol 1994;1:477-486.

. Suga H, Sagawa K, Shouas AA. Load indepen-

dence of the instantaneous pressue-volume ratio
of canine left ventricle and effecis of epinephrine
and heart rate on the ratio. Circ Res 1973;
32:314-22.

. Suga H. Ventricular energetics. Physiol Rev
1990;70:247-77.
. Suga H. Paul Dudley White International

Lecture: Cardiac performance as viewed through
the pressure-volume window. Jpn Heart J 1994;
35:263-80.

DA, Maughan WL. From Emax to
pressure-volume relation: A broader
Circulation 1988; 77:1203-12.

view.

. Senzaki H, Chen C-H, Kass DA. Single-beat

estimation of end-systolic pressure-volume rela-
tion in humans: a new method with the potential



160 tHgkHelEks]x): #4354 A3 & 2001

10.

11.

12.

for noninvasive application. Circulation 1996;
94:2497-2506.

Lee DS, Kim KM, Kim S-K, Cheon GJ, Kim
YK, Chung J-K, et al. Development of a method
for measuring myocardial contractility with gated
myocardial SPECT and arterial tonometry. J
Nucl Cardiol 1999; 6:657-63.

Sharir T, Marmor A, Ting CT, Chen JW, Liu
CP, Chang MS, et al. Validation of a method for
noninvasive measurement of central arterial
pressure. Hypertension 1993; 21:74-82.
Yoshizawa M, Abe KI, Tokeda H, Tambe T,
Nitta SI. Classical but effective techniques for

estimating cardiovascular dynamics: achieving

13.

14.

15.

accurate results using linear models. IEEE Eng
in Med Biol Mag 1997; 16:106-12.

Marmor A, Sharir T, Ben Shlomo I, Beyar R,
Frenkel A, et al. Radionuclide ventriculography
and central aorta pressure change in noninvasive
assessment of myocardial performance. J Nucl
Med 1989; 30:1657-65.

Stein PD, Sabbah HN. Rate of change of
ventricular power: an indicator of ventricular
performance during ejection. Am Heart J 1976;
91:219-27.

A7, O15F oA, AF, ol AL 2
A% HA A|E A AR SPECT 4o 74,
ke o] sis] <] 1999; 33:17P (&£5).




