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Summary

Radionuclide technique in the evaluation of left ventricular (LV) diastolic performance has been
applied in patients with myocardial infarction (MI). But the late diastolic LV volume curve obtained
from the radionuclide angiogram is unreliable, whenever we sum up radioactivities by ECG-triggered
method (conventional method) because of respiratory arrhythmia.

The purpose of the present study was (1) to estimate the reliability of diastolic LV volume curve
obtained from the radionuclide angiogram by our new method (backward method: backward ECG-
gated radionuclide angiogram to the preceding R wave), and (2) to determine the availability of Phase
1 max and Phase 3 max as the indexes of LV diastolic performance.

We analyzed LV volume curve and its dV/dt curve in 29 cases by both conventional and back-
ward methods. The LV diastolic period was equally divided into three time intervals. The early, mid
and late trisections of the diastolic period were expressed as phase 1, phase 2 and phase 3, respectively.
A Phase max was defined as maximum dV/dt in the phase corrected for end-diastolic counts.

At first, ejection fraction (EF), Phase 1 max, Phase 2 max and Phase 3 max were compared between
the two different methods to estimate the reliability of diastolic LV volume curve obtained from a back-
ward method. The backward method correlated well with the conventional method regarding EF
and Phase 1 max (r=0.965 and r=0.940, respectively), but there was no correlation regarding Phase
3 max. This indicated that LV diastolic volume curve obtained from the backward method was reliable.

In the second place, we analyzed LV dV/dt curve obtained from the backward method in 8 controls
and 28 MI patients to determine the availability of Phase max as the indexes of LV diastolic perfor-
mance. Phase 1 max was reduced earlier than a decrease of EF, and Phase 3 max was increased prior to
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a decrease of EF in MI. These data indicated that Phase 1 max and Phase 3 max as the indexes of LV
diastolic performance were more sensitive than the indexes of LV systolic performance. Also MI
patient had an abnormality in early diastolic filling and an increased atrial contraction in late diastolic
filling of the left ventricle.

The mechanism of abnormal LV early diastolic filling, even in the absence of abnormal systolic
function, might be impaired LV suction because of fibrosis or the relatively ischemic myocardium.

In mild to moderate LV failure atrial contraction compensated abnormal early diastolic filling,
but there was no such a compensation in severe LV failure. It may suggest the limitation of atrial func-

tion as a booster pump.

Key words
Radionuclide imaging Myocardial infarction Myocardial contraction Left ventricular diastolic
function Backward equilibrium method Phase max
L.

XL &Iz

Rl RBIC BT 5 ERILESEO BRI
BL TR L OFEHRE " BH N5, B
DRETRBREFC L VLOH~DO I F—
BOBLEE T LI THEH, ZORKRE, HLE
BHioEERHEE L OENENOREER £
T3 LOEEDIHREI VD B.

FEERI 74757 4 —DOHBFIZBWT S,
Bl RBEE SR & U T ERILIR MO
FEIRTbhBE X IICh-oTER. HRae b, i
BRI shEh B o iy B3 %805
H, SUEFWMH, diastasis, LFEUHERID 4 B
PoERENBZLICERL, EEME 3%+
BT LIk o TREMICHIRIFFIE 2 3G L, M
DNZB T B IRBEHIRRMEE © FEL BEYL T
. LaL, BEAVSIEHEREE CLTE
W) » 6B oh s EERHEROILEN %
Z:IE‘;%'G' » ;:)10,11)'

T 2 CHE RS ORI E bR L 55
<, OER R &% trigger & L THST R iz
W2 5 W5 EPEEEEREE (LT EH R 288
L, 1) @k & #hmkic X 5 BHE (UTF
EF), 4 Phase max, peak LV diastolic filling
rate (LLF Peak D) o bl 17\, B@EEIC L3
AR AR O OB RE Il S FTRE AR 2, 2)
FEEEZ AW T4 Phase max ko, JEEH4E
FEOLEEFEERA D LD 2 REfTILE

MREBUIZHE

1977 £ X v 1982 FEoffic, BRI IIFRE
IZ TABRIRR & 1T - fe SO A B O BR IR HIEEH)
28 fl L fEE 8 Al (LA TR RE) o, AR 36 %
SR E Lic. SHELHEE O BIEERER, O
BHETR, WEEBRTRETRTHETS bD
WCRRE L. DFFEERE, IUEHOEENRE
HigE b5 EF v, EF>60%, 40%<
EF<60%, EF<40% o 3giHELE. W
NOEFLIEFRAETH Y, O X 38
A REYICELET 5 HAOT, Ok 504m/4 LA
E, 803/5 AT OfERIZBIR L. BERLS
e 4 HoEFISK, EF, O3, 4z Table 1
CRLIELBYTHB.

Table 1. Classification of patients

Group No EF HR Age
Control 8 67+2 6343 48+2
EF>609% 9 68+2 6243 61+4*

40%<EF<60% 13 51+2* 66+2 63+2*
EF<40% 6 34+2% 7243* 7243*

Values are indicated in mean+standard error (SE).

No=number; EF=ejection fraction; HR=heart
rate in beats/min; EF>609% =myocardial infarction
(MI) with EF>60%; 40%<EF<60%=MI with
40% <EF<60%; EF<40%=MI with EF<40%;
*=p<0.01 vs control.
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Fig. 1. Representative left ventricular (LV) volume curve and its dV/dt curve.

Upper curve is LV volume curve obtained from the ECG gated radionuclide angiogram constructed
in a backward fashion from the R wave to the preceding R wave (backward method). Lower curve
is dV/dt curve of LV volume curve. Diastolic phase is divided into three periods including early, mid
and late 1/3. Each is named phase 1 (P 1), phase 2 (P 2) and phase 3 (P 3), respectively. Maximum dV/
dt counts in each phase are measured in each point (+) which are called Phase 1 max, Phase 2 max
and Phase 3 max, respectively when corrected for end-diastolic count.

A Phase max =

Maximum dV/dt counts in the phase

End-diastolic counts
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% BEiF A% %, Phase 1max ¢ r=0.940
7 % R FARBAM%R %2 8%, EF, Phase 1 max i1
b Y=X oE# 47 L. Phase 2 max
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WL BHME) © EFHERIC WTFRL A
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ICEEEE L (p<0.01).
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HETHEZERD b olk. —F, ¥HRAET
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FERAD = (p<0.01). —F, WHEMETE, &
HEEX v EIC 3.5+0.4/sec, 2.7+0.3/sec, 2.4+0.3/
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EF<60% DMIcEEEEZRBDRP oM, 20
OBMICIT TR THEEEZED - (p<0.01).
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Fig. 2. Relationship of backward method to conventional method.

The data estimated by conventional method are plotted on the abscissa and the data by backward
method on the ordinate. In the left top panel EF is demonstrated, in the right top panel Phase 1 max,
in the left bottom panel Phase 2 max, and in the right bottom panel Phase 3 max.

Backward method =ECG gated radionuclide angiogram constructed in a backward fashion from
the R wave; conventional method=ECG gated radionuclide angiogram constructed in a forward

fashion from the preceding R wave.

Phase 1 max Zfg# 8t X vJEIC 3.640.4/sec,
2.3+0.4/sec, 1.7+0.4/sec, 0.9+0.2/sec L FEIZ
EF L7 (p<0.01 %5 wix p<0.05, Fig. 6).

Phase 2 max IWFh OB LAEEL R
Wieh o7 (Fig. 7).

Phase 3 max (3@ 8 X viEic 1.3+0.2/sec,
2.0+0.4/sec, 2.0+0.3/sec, 1.5+0.3/sec L7 v,
ERL EF>60% (p<0.05), f#HaEs 40%<
EF<60% (p<0.01), 40% <EF<60% & EF<
40% (p<0.05) DRI EEZL2E» - (Fig. 8).

EEEREED 5B L LT BH&h 5 peak
D rFHx DiEE+ % Phase 1 max # ZEERITH

L7z (Fig. 9). Phase 1 max {38 X v IEHIZ
3.6+0.4/sec, 2.3+0.4/sec, 1.7+0.4/sec, 0.9+0.2/
sec LT RTOHMICHERELRYD, EFpR ¥
BICONHZICETF L. Peak D LfgsaEx v
Jigiz 3.6+0.4/sec, 2.7+0.3/sec, 2.3+0.2/sec, 1.5+
0.2/sec L7y, EF>60% & 40% <EF<60% o
BICEEZEZZD R -1, FOMOFERICI
FTRTHFEENED e (p<0.01). 2F F—
#NT Phase 1 max & peak D i HEEZ 2@
=81z EF<40% L, 40% <EF<60% i<
» o7z (p<0.05).
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Fig. 3. Comparison of data of EF, P1 max, P2
max and P3 max obtained by two different
methods in 29 cases.

Bars represent mean values and brackets 1.96 SE
of the mean.

P1 max=Phase 1 max; P2 max=Phase 2 max;
P3 max=Phase 3 max; @ =values obtained from
conventional method; [ =values obtained from
backward method; *=p<0.01.
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Fig. 4. Comparison of Phase 3 max estimated
by conventional and backward methods.
**¥=p<0.05; NS=not significant.
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Peak D =Peak LV diastolic filling rate.
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There is no significant difference among four
groups.
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Fig. 9. Comparison between Phase 1 max and
peak D estimated by backward method.
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WHEEIC L 2 EEAHBRIIRERES £ TER
LHEVEShTWS. BxOFERTOMAEICE
% Phase ]l max 1 Y=X oEHLEZHHFLE.
Sk VHBHERTEELRD T, FHMABEC LB
ERY 1/3 OFEmELHAL» L 2 -7 (Fig. 2).
Phase 2 max {ZBWTREHEBTOEEER
oo, Y=X O0EHE» LDV DET -
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TREGFERTEEZEX RD bh, Y=X 0E#HR
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BEEBIC LIRS RIFRBR L ShTE

285



AH, FH, ¥MH, E»
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HRESEL XM+ 5 TRE B CoRER:L
T, ETEERMREICS 208508 LICX 3
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#Feb EF oBDICEBTLTETLEZ &2,
BEREEThHE Z LALLM SR L L
Phase 1 max @FOARLOBENEET SICON
THBIRY LA, peak D (3UniEHiic RE %
BV LGEER L BELA2E B35 O
BEROMIC AEEZEL Rdholc T L b,
Phase 1 max 23X » iR igE L& X .

® #

BERI 7 UOH ST 74 —DHFICBNT D,
B R R E R E L EEIREFEOBE R
fTohTws. L LBFRENLELIEER
g oSS, MREREIRO LHIZR
EREL 725 LBRRFETHS.

SEO HFEE 1) Fx 0 BE Lic HhHmE »
S OIEMARMROTERME L, 2) EEIRY
DHEEEDTEE L LT Phase 1 max & Phase 3
max OFRAMEEHET > L2 HBL L

WETEEE 86, BRI LHEE B flos
36 4L Lz, FHEd, BEETEEAHR
ERL, &6 OER R K% trigger & LT
#47 R icms > #rmkic TEEAHEMRE
YERk L 7=. Phase 1 max (33:3ERH] 1/3 o, Phase
3 max (FHEERH 13 ORREHEELERLILE
WHihy»  THIEL TRl

F TR HRE? 5B 5h iz EF & Phase
1 max Z@EHEOZALEHEL, BF% 4%
Blez Lh oW HFRBEOERS ZHLMZL, JE
EHI A O FHEIC X HFE T 2T VEARRIEET
HBHZ ELERLI.

BT Wi mEd S K7z Phase 1 max L
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EB) ﬁm) #L‘Bl [EQ:R

Phase 3 max #{@%E, 35X OO OO
BEE IO, BFF4 BRI THEHRE L.

ZORER, WERHRH EE OKETH 3
Phase 1 max 12IN§E#H o FEieEcH5 EF
OWPCTATUET Lcz L2 b, SRigET
Hd LA, S OIHLEREORHREEMY
BAohriclic. ZoFEL LT, LV suction o
BIC X BRIREMEYE X bvTe.

—%, UDBRHEHOEERHEEDOKETHS
Phase 3 max %, EF o} icfkfFLigk Lz
Enh, FRRICSIEARIEETH Y, RBRICLER
MEOWRIC X b IEIRBEHIFMEE SR S h 3 2
ERHALNE igofe. LA L EELCALETIR
Phase 3 max RETF Lz &2b, EEREEC
I2EERWBOLEES NS Z LISREShE. =0
¥R L LT, ZERED booster pump & LT oiie
ICIERABFEST 5 Z L RBRE R

RERZDICHIZVBRETHAE W BIRE
MPRIFFERSRE, KRBRESETCHELHE L LTE
+.
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