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Summary

The late diastolic phase of left ventricular volume curve (LVVC) constructed with conventional
list mode ECG-gated equilibrium radionuclide angiocardiography (RNA) is distorted and unreliable,
whenever a minimal variation of R-R interval is present.

The purpose of this report is to estimate the effect of atrial contribution on the ventricular fill-
ing in patients (pts) with various heart diseases using list mode ECG-gated equilibrium RNA and
“ two-beat left ventricular volume curve” (“two-beat LVVC ) constructed with a new compiling
method.

Conventional ECG-gated equilibrium RNA was performed in the craniocaudal LAO projection
after intravenous injection of 20mCi of ®=Tc-human serum albumin in seven normal subjects ),
33 pts with myocardial infarction (MI), 14 pts with hypertension (HT), five pts with congestive car-
diomyopathy (COCM) and six pts with hypertrophic cardiomyopathy (HCM). Image data for every
10 msec segment in each cardiac cycle was stored in a computer in list mode. Left ventricular and
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background regions of interest (ROI) were semi-automatically (709%ROI) drawn on the end-diastolic
image. Then, each cardiac cycle was divided into 20 msec segments in two different ways, i.e., back-
ward and forward from R wave, and two LVVC’s were constructed and connected to make the * two-
beat LVVC . The late diastolic phase of the *“ two-beat LVVC ” was considered reliable and suitable
for the study of the atrial contribution. To estimate atrial contribution, an increment of counts after the
beginning of P wave divided by counts corresponding to stroke volume (A(P)/SV) was calculated.
If a late diastolic notch was found on the ‘ two-beat LVVC ”’, the notch was used as the beginning
of atrial contraction, and A(N)/SV was calculated, although the notch was not found in 20 percent
of all subjects. The rate of change of left ventricular volume (dV/dt) was obtained from this ‘ two-
beat LVVC ”, and dV/dt was corrected by counts corresponding to stroke volume. The maximum
early diastolic dV/dt (DdV/dt), which occurred during left ventricular rapid filling, and the maximum
late diastolic dV/dt (AdV/dt), which occurred during atrial contraction, were calculated.

The A(P)/SV was well correlated with A(N)/SV (r=0.94, p<0.001) and with A(N)/SV (cine)
by contrast cineventriculography (r=0.76, p<0.01), respectively. The A(P)/SV in pts with MI (32.9
+16.1%, p<0.01) and with COCM (43.0+£11.5%, p<0.001) were significantly higher than in N (15.4
+7.7%). There was a significant correlation (r=—0.76, p=0.01) between EF and A(P)/SV in pts
with EF less than 509%.

Since AdV/dt was significantly correlated with A(P)/SV (r=0.84, p<0.001), AdV/dt showed
changes similar to A(P)/SV in various heart diseases. In the group of HT and HCM, there was a
significant correlation (r=—0.64, p<0.005) between AdV/dt and DdV/dt.

In conclusion, these results suggested that the A(P)/SV and the AdV/dt derived from * two-beat
LVVC ”, which was constructed using list mode ECG-gated equilibrium RNA and a new compiling
method, may become a useful noninvasive parameter for the assessment of atrial contribution to left
ventricular filling.
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Table 1. Patient selection

No. Age Mean+SD
Normal 7 22—33 24.1+ 3.9
MI 33 40—83 64.7+12.0
HT 14 37—79 52.2+18.2
COCM 5 44—65 53.0+ 8.2
HCM 6 31—78 50.5+18.2
Total 65 22—83 56.51+7.2

MI=myocardial infarction; HT=hypertension;
COCM =congestive cardiomyopathy; HCM =hyper-
trophic cardiomyopathy.
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Fig. 1. Schematic explanation of the “ two-beat left ventricular volume curve ”.

Image data for every 10 msec segment in each cardiac cycle are stored in a computer in list mode.
Each cardiac cycle is divided into 20 msec segments in two different ways, i.e., backward and for-
ward from R wave, and two LVVC’s are constructed and connected to make a ‘‘ two-beat LVVC ”.
The late diastolic phase of the  two-beat LVVC ” is considered reliable and suitable for the study

of the atrial contribution.

ES=end-systolic phase; RF=rapid filling phase; SF=slow filling phase; ED=end-diastolic phase;

LVVC=left ventricular volume curve.
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Fig. 2. A(P)/SV and A(N)/SV determined by the
“ two-beat LVVC”.

To estimate the atrial contribution, an increment
of counts after the beginning of P wave divided by
counts corresponding to stroke volume (A(P)/SV) is
calculated. If a late diastolic notch is found on the
“ two-beat LVVC ”’, the notch was used as the be-
ginning of atrial contraction, and A(N)/SV is cal-
culated, although the notch is not found in 20 per-
cent of subjects.

LVVC=left ventricular volume curve.
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Fig. 3. “Two-beat LVVC” in a normal sub-
ject.

A(P)/SV is 23 percent and EF is 67 percent.
SV =stroke volume.
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Fig. 4. “Two-beat LVVC” in a patient with
congestive cardiomyopathy.

The late diastolic notch is not found on this LVVC.
A(P)/SV is 52 percent and EF is 23 percent.

SV =stroke volume.
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ES=counts of early systolic peak; LD=counts of
late diastolic peak; SV=stroke volume; EDP=end-
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Fig. 8. A(P)/SV in patients with various heart
diseases.

MI=myocardial infarction; HT=hypertension;
COCM=congestive cardiomyopathy; HCM =hyper-
trophic cardiomyopathy.
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Fig. 9. Correlation between EF and A(P)/SV.
There is a significant correlation (r=—0.76, p<0.01) between EF and A(P)/SV in patients with

EF less than 50 percent.
MI=myocardial infarction; HT=hypertension; COCM=cogestive cardiomyopathy; HCM=
hypertrophic cardiomyopathy; SV=stroke volume.
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Fig. 10. Correlation between A(P)/SV and AdV/dt.
MI=myocardial infarction; HT=hypertension; COCM = congestive cardiomyopathy; HCM=
hypertrophic cardiomyopathy.
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Fig. 13. Correlation between DdV/dt and AdV/dt
in the group of patients with hypertension (HT)
and hypertrophic cardiomyopathy (HCM).

There is a significant correlation (r=—0.64, p<
0.005) between AdV/dt and DdV/dt.
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Fig. 12,

Correlation between EF and AdV/dt.

There is a significant correlation (r=—0.64, p<0.005) between EF and AdV/dt in patients with

EF less than 50 percent.

MI=myocardial infarction; HT=hypertension; COCM=congestive cardiomyopathy; HCM=

hypertrophic cardiomyopathy.
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T, D=Ly rFIZk Y BERA OEETER
PRAEL, TTRBELTVEMNY, FHEOWE
I £ 2D e,

Yy 2 bE— FLERRHIL -y rFick 3
EEFRMHRE, 2EHBRASICI T 5 EEEZL
BBV A, TEEHoEEEIIE» I R-R B
FRRZ->THELLETT Y. 22 THERE
HoOEEEEBED 2 EHIH LW F—% OfREE
PERL, 20HEEREMREERLE. o
F ik IR AREE I BV THEERSI < 10 msec
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DANOREZETCHESD N, EkoFkick L T
REHMOFEMEIZEL<ALEL, CEREHICE
FEEERMORMNNAEL >/, Flhzn2
DHEZERBHRT F— 2 olREFEY — BT
®, BT 57205 TIERITETH 5.

HEFHRE © i3 #IC background ASFHRE & 7
3%, SEAWEIEE AP)/SV 1 L v ANN)/SV
» A(P), A(N) :3X1t SV i background #
ZLElKz < Boh3 fEichy, DAV/L,
AdV/dt bEEFREREBI L TEORB LD
background DEE4 ZiF 4. %7- D dV/dt,
AdV/dt gl &b SV TRLUTHELZNT,
EDREOFBESBAIRERE (7)) b b itz
2 T3 h%E SV ICx+58E&THEiL T3 2
Lz y, AN)/SV % A(P)/SV L mBEIz B
TOHHBLRT . Licdi> TEFEIRBWTit
EF o %23 background 0821 5@ Th
-7z

AN)/SV i3 8V iext+ 3 EB0FE0EE %
RBT2LDLEZLNEN, A A -V LTERE
D—Eb L x2ENEED ROl NicgEh 3
R, ZoRBIEREELOBRE iB/NEHET 5
AEEERD Y, FHECREZLEEBLUOASE
Do bAMTES LB bh s A, b
MLAO projection % Fiv7z.

2 DMEZERRMROIERHORIET, £E
INHEIC & % BAREZ: notch %58 72 ds - 7o FEHIAS
2o 20% & hwicoT, LER P Eopk
RELENMEORMBALRELT AP)/SV 2&
H U723, (DREIHE O Bt R BRI o Bith
REVENTERTWBETTHY, AP)/SV iz
EROHE O BE Y BAFT 5 itk d 5.
Notch % 3w fEflicis T AP)/SV & A(N)/
SV & oflicEE o IEMHE (r=0.94, p<0.001) %
@, Lab AP)/SV iz cineventriculography
XvHEohic AN)/SV(cine) & 4 Hgtgm W IE
#Bd (r=0.76, p<0.01) %58 w 7= D> CABFLE Tit
eflicEfcss AR)/SV 22 Lk A8
A(P)/SV & cineventriculography k b 3k % 7=

DERFHIG 7 — Ay v Fic X BRI 0= i

A(N)/8V(cine) mFIcEVHEBIAED bhieh -
Tenik, xt4¥E L LT asynergy #H+ 5051
EHDLEENRTHY, Zhb—HEELOh 3.

2. FWUERICEITSZ AP)/SV

Hammermeister &% cineventriculography
&Y, EE—ERHRICH T EEN0FE0R
E% % SVeE‘a LLTHELTWS, #5
OB I IIZ % SV € ‘2’ ZEFERT 2+
7%, BfPECESREET 33+12%, 5 o mELLE
ET 19+9% ThY, mmtbOEERNE EXE
CHLTHEECEHMEEZRLTWS. Fi Sakurai
51813 ECG-gated radiocardiography iz X v |7
RICODEOFEOREZ cb L LTHIELTWS
B, HO0OWMETIE /b TEEHERT 16.1+5.0
%, EILERET 26.5+8.0% (p<0.001), gt
DIRBEET 37.527.7% (p<0.001), JERELLMG
FET 18.6+7.5% (ns.) ThHY, SEOF L D
A(P)/SV D#ER LETFOHEYZD . Sakurai
bW DHEIEIV, V53 LAOT 47 —kERA
LTRY, HHLIEHLTW3LEY, FEOR
BRRATERY. EREROBESE L2 ER
LThalcd, REHOEEMEFIELS R-R B
BRI E A E—EBOEFICLIEHTE d oz
ThHAILEZXONS. ¥IEERYOEEINE
I2 X % notch 2338 b e h o et d, —fiC R
%5 200 msec #if OIS & £ EIHEE 0 BIE A LR
ELTHY, PREEFOBAZZEZEL TV AN
RELHEERD 3 LEbh 5.

EF L A(P)/SV LoBfgic>nTh RafL
B, DAREVFEETS LBEbh3 EF 50% LT
nfEfI Tk, EF & A(P)/SV & ofich okl
(r=-0.76) #3Bw 7. ELTRLRRZ - 2848,
DO L EZHRRYIAROEMICL - T
DHHESHER S B, DEOFSEOHALE
Y, ELHEERELTWE LEX LS.

3. AdV/dt [ZDWT

AdV/dt ¢ A(P)/SV LoRlic r=0.84 ok
BAYE VW HEES 2 380 72 4%, Hammermeister 59 o
DREERIC R 1T 5 BERKESF HEE (dV/dt ¢
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‘a’) IiERHME L LTHEHERTW B 2®), Bk D
WEE L BCi: Bk cE b o, AdV/dt i
A(P)/SV L hEHE W E R LIco T, FEL
KRz 3 AdV/dt & AP)/dt LREIROBEM
ThY, DALREETSLEbh3 EF 50%
DT ofEscix EF & AdV/dt 3 FERADHE
Bx@Ewi. T2bbULREDDBERFTIE, L
BEIGHEIC 3 i 3 BRKEE T EE »SEH - .

A< BB ML FESE 3 & UG RMEIE R BLUHIE © &
Y ICERBOEE XML T 5RERTE, &
WABIC B 1) 3 HAREZFHEE D dV/dt i
BEIEEIC R T 5 RRESHMmEE AdV/dt L
o BELrAVHEBEEZRY 2 (Fig. 13), O
HELE, 5 - MELOHIE OB CIIAEB 2538 e
>t (Fig. 14). DdV/dt icBR+3EFI 1)
AEEHED recoil IZXBIIEY, 2) EE-E
EOESE, 3) EEEDNaVFITAT VR, 4)
HMIERDEELETHEL EXDRSE. ZLT
A dV/dt 11 2),3),4) L&bic 5) EEHHOI
WA T S L Bbh 5.

Z OWFECIREIERREIHRL OB LT
50T, BEROEHI—INBRATES. —RIC
JERDE L OVGEECREREND I T4 7T
VAMMET T3 LER T35, LIEKEEH
L4 % At BIERE & R EAR OHE T
i, zoarvrsA4 7 ADBETIRE28ERA
HoEERBEOREY, EEIMEIC L > TREL
ThahrnZ{Bbhs. LIrLLGEES
V5 - MELMGER T, EROFOEME L L
BEMS X OCRELRFEL T, SEBEASIOE
BERBOBEELZEEFMELBL2WHBDHZ 00
b L. ELALTREFRAOEE LT
MicEEERPES LR 50T, EBELL
AL, 2hIEEEEZHEDB L LELDRS.

& B

EEH (N) #7464, BEHBEOHEE MD) B
334, AmettEmiERE HT) #1446, 5-mi
OfE (COCM) BE6 FlZxHRELTY R FE—

FLEBRRFIELD =AY v F 774 — 128D,
B SEIRIC R T A EERHIC OV TRET 3
TEREMLLT, 20PREEREMBREIERL
. Zo20REEFREERI VELRE APR)/
SV i3 N: 15.4+7.7, MI: 32.9+16.2 (p<0.01),
HT: 20.4+5.0, COCM: 43.0+11.5 (p<0.001),
HCM: 21.8+10.6% <& Y, LAEEETH L
Bbhs EF 50% UTFoER i EF & AP)/
SV 1A #E (p<0.01) 2A0HEE r=-0.76) %
L. F7= AdV/dt 3 AP)/SV LAHE (p<
0.001) #IEHE (r=0.84) ZRL, FEBIZTRW
< AP)/SV LEEoEMETRLE. EXE:R
#HL+3 HT ¢ HCM # <ix AdV/dt i1
D dV/dt &A% (p<0.005) 72 £ »4HE (r=—0.64)
PRLE. BABEBELL2.0DHEEFEHSR X
pEsh3 AP)/SY, kLot AdV/dt IHiEREE
Hlicp iy 2 ERRMmOMEICHERZEETH S &
Bbhiz.

= ¥

fEh 72 R-R BBOEWBFEL TS, Wk
Y =z bE— FOBRRIMEERL S — vy v 77
574 — (RNA) 2 X VB oh 3 iREH0EE
ik (LVVC) 3Ew» bh, EHEEEEN.

AELEBRICB I s EERMHICHT 3 0E0F
EoBERIHETS - L2BMELT, HILWE
#gizry, V2 bE— FOEXRHFHER
RNA 25 2.0 LVVC 2{ERK L 7.

EEE (N) 741, g M 33 4), &
JE (HT) 14 4, 5 - mAELEEE (COCM) 5 4,
IEAELLRE (HCM) 6 iz x4 e LT, ®Tc-
7 VT3 v &4, craniocaudal LAO projec-
tion CHERDLERRRITER RNA 217-7.
F+RTOLHEIC2WTY 2 hE—FT 10 msec
segment L DA A=V - F—FEarta—%
—iz AfjLie. HEEERHo Eifg T EE L back-
ground » ROI #}:HEHY (70% ROI) izg%E
Lic. 2LTCEREThOLHE2SDORE T
B, +4bb R, H#%F L~ 20 msec seg-
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ment I LIZHE L. ZLT2.448 LVVC %
ERR+B7ewic2o0 LVVC #§ES L. 2.0
i LVVC oiE##oEEERE L, LEOH
BRZoWTHRHT2DIFLTWS LE2 LN
. DEOHSEORELFET 50, PEo
FtR L VEFOD v > oG % 1 EHHE
(SV) icka¥4+3 7 v rCRLT AP)/SV 25
H U7 % U 2038 LVVC Eic#ikagE#% 51 o notch
YD AL, F o notch #.{UFEIEE DL
BMELTHW AN)/SV 2EBH L. L LEE
#lo 20% T notch FEED LAl ot =D
2.0 LVVC »bEmARE(LR (dV/d) &%k
», 1EHEHEICHEY T3 7y P THELK.
BEFBAHNC B 1T 5 B REEFHERE # D dV/dt
LL, DEIMEHIIC B 17 5 BRAEEFHE 2
AdV/dt L LTEHL.

A(P)/SV iz A(N)/SV B X UOEEEE L Y kD
7z A(N)/SV(cine) & #nEh r=0.94, p<0.001
BEY r=0.76, p<0.01 LW IEMHEERELE.
A(P)/SV iz MI g, COCM B czhzh 329
+16.1%, 43.0+11.5% TH v, NEEo 154+7.7
% &Y bzheThEE (p<0.01, p<0.001) iz
fE%ERL7. EF 50% DL F ofE#H ik EF &
AP)/SV Lofic r=—0.76 oFE (p<0.01)
REOHEERD .

Lzarw, AdV/dt i3 AR)/SV LEFE (p<
0.001) #2IE4AR (r=0.84) ¥, KRMIEEIC
#1375 AdV/dt i3 A(P)/SV LRIk xR L
7. HT £ HCM & < JEROEE iz AdV/dt
r DdV/dt 3FE (p<0.005) &0l (=
—0.64) @7z,

ThboDFERIFLVRERERCLY, VY2 1+%
— FOEX RS EER RNA 2 oERs AT 20
# LVVC xvBshns AP)/SV &, AdV/dt
X, EERHCHT 2 LEOHE ORE &M+
5 LICAZ e FBMAIRIE L 2V BB Z L ERL
T3,

DERRBL 7 — Ay v F i X BRIGEEI 0 EZ TR

x @

g R EBH o, £78=, AF & fHE

® OEW W, FARAL, MEEE AF O 1T

W B DERRBLS -V v F S5 7 0 —ick
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