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Table 1 A Comparison Between RI and Cine Angiographic Studies
N Age Diagnosis Area (cm) L (cm) D(cm) EDV | ESV| SV | EF
ame  gex ED ES | ED ES | ED ES |(mD| (mD| (mD| (%)
1 K.M. 38M MS, ASI | RI |65.0 47.4 | 10.8 10.1| 7.7 6.0 330 | 188 | 142 43
Cine | 72.2 49.6 | 11.8 10.2 | 7.7 6.2 372 | 204 | 168 45
2 M.K. 6IM N RI |39.9 26.4 1 9.0 80| 5.6 4.2 150 74 76 51
Cine | 38.0 22.4 | 83 7.1 5.8 4.2 147 66 81 55
3 Y.N. 28M MS, AI RI |52.0 42.7| 9.8 9.2 | 6.8 5.9 234 | 168 66 28
Cine | 50.5 39.0 | 10.0 9.1 6.4 5.5 217 | 142 75 35
4 S.1I. 26F A-V RI |39.1 25.1| 8.4 7.2 | 6.0 4.5 156 75 81 52
Fistlula Cine | 38.6 20.0 | 8.7 6.5 6.8 4.5 145 50 95 66
5 N.K. 42F IHSS RI |34.1 15.7| 9.7 8.5| 4.4 2.3 98 25 73 75
Cine | 36.0 14.7| 9.6 7.6 | 5.4 2.3 115 24 90 79
6 K.S. 48F IHSS RI |37.2 16.1 | 10.3 5.4| 4.6 3.8 114 41 73 64
Cine | 39.2 17.3| 9.7 6.3 5.1 3.5 133 40 93 70
7 T.Y. 45M IHD RI 29.8 17.6 | 8.5 6.8 | 4.5 3.3 89 39 50 56
Cine | 29.7 16.2 | 7.7 6.2 | 4.9 3.4 98 36 62 63
8 Y.U. 23F MS RI |39.3 25.2 | 9.0 7.8| 5.6 4.1 146 68 78 53
Cine | 37.3 22.3 | 87 7.2 5.5 4.0 136 59 77 57
9 K.Y. 45M MS RI |35.7 2.7 9.0 82| 5.0 3.4 148 68 80 54
Cine | 45.8  24.6 | 10.0 8.0| 58 3.9 176 64 | 112 64
10 S.M. 62F MI RI | 58.2 34.110.0 8.1| 7.4 5.3 287 | 121 | 166 58
Cine | 59.6 36.6 | 10.0 7.7 7.6 6.1 302 | 148 | 154 51
11 M.T. 16M PMD RI 49.0 24.2 | 11.0 7.7 5.7 4.0 186 65| 121 65
Cine | 53.0 23.1|11.3 7.8 6.0 3.8 211 58 153 73
12 M.T. 32F MI RI | 40.0 24.6 | 8.6 7.4 | 5.9 4.3 158 70 88 56
Cine | 39. 2 22.2| 8.6 6.5| 58 4.4 152 65 87 57
13 S.S. 48F N RI | 34.5 22.2 | 7.8 6.5| 5.7 4.3 130 64 66 51
Cine | 32.4 18.2 | 8.0 6.9| 5.2 3.4 112 38 74 66
14 S.K. 27F MI RI 46.2 25.1| 9.7 8.2 6.1 3.9 188 65 | 123 65
Cine | 58.2 24.9 | 10.2 7.0 7.3 4.5 283 108 175 62
15 H.U. 18M N RI 52.0 35.5| 9.7 9.5| 6.8 4.8 237 | 112 125 52
Cine | 48.2 24.7 | 10.1 8.0 6.1 3.9 195 65| 130 67
16 A.K. 40M PMD RI 70. 6 56.2 | 10.4 9.5| 86 7.5 404 | 281 123 30
Cine | 69.9 58.3 | 10.5 9.8 85 7.6 395 | 295 | 100 25
17 R.I. 31F MS RI | 39.6 24.8 | 7.8 6.9| 6.5 4.6 169 76 93 55
Cine | 39.1 24.0 | 8.3 6.8 6.0 4.5 157 72 85 54
18 S.H. 33F MS, AI RI | 40.9 27.6 | 8.3 7.3| 6.3 4.8 173 89 84 49
Cine | 38.4 27.0 | 85 7.8 | 5.8 4.4 147 80 67 46
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19 S.K. 62M IHD RI | 39.6 25.8 | 8.6 7.1] 5.9 4.6 149 & 7,72 48
Cine | 36.8 22.9| 8.5 7.2 55 4.1 135 62 73 54
20 T.M. 48F AI RI |51.0 32.3 | 10.1 81| 6.4 218 | 104 ' 114 | 52
Cine | 53.2 27.6 | 10.3 7.5| 6.6 233 87 | 145 | 62

MS=Mitral stenosis;
AI=Aortic insufficiency;
MI=Mitral insufficiency;

ASI=Aortic stenoinsufficiency;
IHSS=Idiopathic hypertrophic subaortic stenosis;
PMD=—Primary myocardial disease;

N=Normal hemodynamics;
IHD=Ischemic heart disease,
L =Measured length to base diameter;

D=Minor diameter calculated from the formula of D=4 Area/zL; EDV=Enddiastolic volume;

ESV=Endsystolic volume; SV=Stroke volume;
ES=Endsystole; RI=Radioisotopic Study;

EF=Ejection fraction;
Cine=Cineangiographic Study;

Zsum

XY position

ED=Enddiastole;

Polaroid

PHA Gate
Camera

P

VTR

Kl

Persistence

Scope

Fig. 1 Block diagram of the recording system. The camera data and the frequency
modulated (FM Mo) impulse triggerd with ECG are recorded on the VTR.
The ECG gate allows selection of any phase of the cardiac cycle. The replayed
left ventricular images are displayed on the persistence scope and photographed

on polaroid film.
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Fig. 2 A change in the area of the phantom of a flat-bottomed bottle with increasing radioactivity.
The area increased from 770mm? to 791mm? with the count of 6,000 cps to 12,000 cps in
the bottle, indicating an insignificant area change in this range of the radioactivity under

the scintillation camera.

Fig. 3 ‘A change in the area of left ventricular scintigram with gradual increase in the growth rate (GR)
of the persistence scope. The area does not change in the growth rate ranging from 770 to 850,
which is utilized for displaying the left ventricular scintigram.

EET 5% Fig 2R, BE12.5cm ©
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A= ATV A A2 ~—7 O Growth Rate (GR)

Rz EOHEBEDOE R Fig. 3I/RL. [
—FEFIDELEOERE, GR 26502595012 %
b3 5o T, 175mm? 535 298mm? ~ & HEk
L. SEBELZEOEFCHEH T2 GR X770 2
5830 THYH, ZOHEATIEROHBDOLE(
RELI st
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RI
Fig. 4 The RI angiogram-derived left ventricular

area is compared with the cineangiogram-
derived one. There is an excellent correla-
tion between them. ED—Enddiastole, ES
—Endsystole.
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Fig. 5 The RI angiogram-derived length from
the aortic valve to apex is compared with
the cineangiogram-derived one. There is
an excellent correlation between them.
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p < 0.001
Y = 0.67X+0.51

1 L ’ 1

1.
5 2 R4

Fig. 6 On the left panel the RI angiogram-derived diameter (chamber radius) is com-
pared with the cineangiogram-derived one. The diameter (D) is calculated from

the formula of D=4A/nL A=Area, L=Length.

There is an excellent correlation between them. On the right panel the ratio of
L to D is compared between the RI and cineangiographic methods. There are
some discrepancies between them, but no systematic difference.

Cine o
ml o
300 Einl OV
mi
300 o
o
200 °
o o
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@
o
o
° =0
100} o /o r= 094
100 o p< 0.001
Y= 1.01X+2.65
0 1 i 1 1 1 1
100 200 300 ml Ll 100 200 300 ml
RI R1
Fig. 7 On the left panel endsystolic volume (ESV) is compared between the RI and

13, AERC 2 BEOBRENABRD. 12,

9mTe-7 L7 3 VERKBBIRICEEL, mEKIT
PRI, IR L BRI O BRI & [FHI L
7oy — FEIBERHE, LyvFr I AavELN

cineangiographic measurements. The RI-derived ESV agreed with the cine-
derived one, although the former tends to be larger than the latter. On the
right panel the RI-derived EDV has the excellent agreement with the cine-
derived one, except one case in which the former is 34% less than the latter.
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Fig. 8 On the left panel stroke volume (SV) is compared between the RI and cineang-
iographic methode. The RI-derived SV tends to be underestimated. On the right
panel the RI-derived ejection fraction (EF) is correlated with the cine-derived
one. There is an excellent agreement between them, although the RI-derived EF

tends to be lower.

— D
---'S

T.M. 48y. F.

End Diastole

End Systole

Fig. 9 Enddiastolic and endsystolic left ventricular scintigrams on the upper panel. Cineangiograms
of the same patient is shown on the lower panel. Both RI and cine left ventriculograms
were taken in RAO position. On the left panel are superimposed enddiastolic (D) and
endsystolic (S) left ventricular scintigrams shown. Ao=—Aorta, LA=Left atrium.
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End Diastole

K.S.
48y F.

End Systole

Fig. 10 Left ventriculograms in a patient with idiopathic hypertrophic subaortic stenosis.
On the upper panel enddistolic and endsystolic scintigrams show markedly

elevated ejection fraction with abnormal left ventricular contour like ballerina
shoe. On the lower panel the cineangiograms of the same patient show the

same findings.
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Fig. 11 Reproducibility of measurements for left ventricular volume and
ejection fraction. First and second measurements were performed
one month apart by one of the authors (MK). There is a good
agreement between the first and second measurements of both

ventricular volumes and ejection fraction.

IZEFPEIRADOHEBRE DI, AT, 15
mCi D" TcOy % &I 535 L HFEIL 2T
Wxb LT 0. 21rad T, FURER, KB, B, %
nFh 4.1, 2.3, 1.5rad THAH™. @ED X
BTy %7 4 M alET, GEE 110KVp, &
It 3mA, fESESCIREERE 80cm T 1 R T 5
LHRENOHEEEITIIZV VY F VY ELDbR B,
RI DM SEE MR, 22 OB RE A IE 3 5 ik &
L CHEERELRSH S, COFETE, ELZE0E
BEaFWL, RRIERDO2HEORILRELT
BREAIL, EERXMEMELE S X —FKER
L7, LasL7eh Bl 2 Offi% i35 & i
DEIGIS AL, EREIERED 25V HE
13, &L L TUL, KUTRERENSD, HxD
FEFITUL, 27 b 2853856 05 % Drl Fig.
6ILRTHD THA.

L LEBFRC T H3EF DR L 2 D55
ik, BEEC X DEROEMI, XEERK
DEEALE B L, BEEEOEN A THA 5.,
RI B BIRRAIAATE, DHERIIER T s »
TX AR EE & AHBIGREL 0.9 Lh B> X —Fa iR
U, F7ciliz Dz X BB o3 5 R o

B EEHERAE121. 343, 1% CThH b, EHIICHED
DTELEZ DI D. BRHEZERCOWT PR
HEGENLT, 142, 7% TROCINEAINAR X » %
PR E D, BRIER S 1B H & & SRR AR
DTHHIDTHAH. OMEE /5 5130
BOWETH B A, F—A» 157 AKRE CEZEL
B bV — AU TR & DRI A R 2 &t
BL, 1EAB & 26 HOHEES L2, B
BEOEEL L, HEIRE0. 98 L RiFs—FamL
7o (Fig. 11) Z &b HEMIESCH D EE 2
bhbn. XRBEEOEEFHIC STk, F—
ADEREHR bV —AT 52 L TESDE 70 <
5 EREINTWHN?, RIBIIXEELD,
DO WRENREETHH DT, HIZFR—AD L
—ATHONREE L. Ll LY BN LE
HRETLONBELL, Fxd, BEEAEY
T HHERHRETTH D,

. 8 W

208 D # MO BEZ T OHE RT OMEE
UL &R O X BRBRBIEC X 5T, IR & 85
RRHIAR A RD, IHK 1EHEE, BHEY

Presented by Medical*Online



402 ¥ E ¥

L. ZOREHEC LS ZhbOEELIRE
CWIWC—FERT AL, IBITEED
TARERE T DB O A R BT B\ T
RECE D2 B ENTE, FREZEDILY —A
DFEBMEDS RIFTH - 7e.

AL O—IEL, 340 A ATBIREL TS &
(1973), &1 EHFEEYES (1974) WWTHEELL

Xk

1) Burke G, Halko A & Peskin G : Determination
of cardiac output by radioisotope angiography
and the imageintensifier scintillation camera. J
Nucl Med 12 : 112, 1971

2) Kriss J P, Enright L P, Hayden W G, Wexler
L & Shumway N E : Radioisotope angiocardio-
graphy. Wide scope of applicability in diagnosis
and evaluation of therapy in diseases of the
heart and great vessels. Circulation 43 : 792,
1971

3) Matin P & Kiriss J P : Radioisotopic angiocar-
diography : Findings in mitral stenosis and mitral
insuficiency. J Nucl Med 11 : 723, 1970

4) BHEFEHE DR BT AREFZ NI oW
T. FREEEK 20 : 1608, 1971

5) Weiss E R, Blahd W H, Winston M A & Kri-
shnamurthy G T : Rapid diagnosis of pericardial
effusion utilizing the scintillation camera. Am J
Cardiol 30 : 258, 1972

6) Takayasu M : Clinical studies on circulatory dy-
namics by radioisotope dilution method. Jap J
Med 13 :1, 1974

7) fiEE, BUER  DmEEEENDDICELE
AR, R ETEER 20 @ 517, 1972

8 ) Strauss H W, Zaret B E, Hurley P J, Natarajan
T K & Pitt B: A scintiphotographic method for
measuring left ventricular ejection fraction in
man without cardiac catheterization. Am J Car-
diol 28 : 575, 1971

9) Mullins C B, Mason D T, Ashburn W L & Ross
J ir : Determination of ventricular volume by
radioisotope-angiography. Am J Cardiol 24 : 72,
1969

12% 4 %5 (1975)

10) Secker-Walker R H, Resnick L, Kunz, Parker J
A, Hill R L & Potchen E J: Measurement of
left ventricular ejection fraction. J Nucl Med
14 : 798, 1973

11) Kostuk W J, Ehsani A A, Karliner J S, Ash-
burn W L, Peterson K L, Ross Jir & Sobel
B E : Left ventricular performance after myocar-
dial infarction assessed by radioisotope angiocar-
diography. Circulation 47 : 242, 1973

12) Hayase S, Hirakawa S, Kanyama S & Goto K :
Studies on the measurement of the left ventri-
cular volume by the scintillation angiocardio-
graphy and a study on early effects of the digi-
talis on the left ventricle as one of its clinical
applications. Proc Ist World Congr Nucl Med in
Tokyo, 1974, p.1049

13) Zaret B L, Strauss H W, Hurley P J, Natarajan
T K & Pitt B : A noninvasive scintiphotographic
method for detecting regional ventricular dys-
function in man. New. Engl J Med 284 : 1165,
1971

14) Rigo P, Murray M, Strauss H W & Pitt B :
Scintiphotographic evaluation of patients with
suspected left ventricular aneurysm. Circulation
50 : 985, 1974

15) Smith E M : Internal dose calculation for *mTec.
J Nucl Med 6 : 231, 1965

16) TLRESHE, TREIEF, B)C—HB, #EE—BF, His
D EHREYE, BESER, B, 1968, p.1018

17) Mashiro I, Kinoshita M, Tomonaga G, Hoshino
T & Kusukawa R : Comparison of measurements
of left ventricle by echography and cineangio-
graphy. Jap Circul J 39 : 23, 1975

18) Redwood D R, Henry W L & Epstein S E:
Evaluation of the ability of echocardiography to
measure acute alterations in left ventricular
volume. Circulation 50 : 901, 1974

19) Cohn P F, Levine J A, Bergeron G A & Gorlin
R : Reproducibility of the angiographic left ven-
tricular ejection fraction in patients with coro-
nary artery disease. Am Heart J 88 : 713, 1974

20) Hachimura K, Tanemo H, Kitagawa H, Kuwa-
hara M, Kinoshita M & Kusukawa R : Computer
analysis of the left ventricular volume using RI-
angiocardiography. Pro Ist World Congr. Nucl
Med in Tokyo, 1974, p.768

Presented by Medical*Online



403

Summary

Measurement of Left Ventricular Volume and Ejection

Fraction by Ecg-Gated RI Angiocardiography

——The Comparison with X-Ray Cineangiographic Measurement——

Masahiko KINOSHITA, Tsuneo HOSHINO, Goh TOMONAGA,
Iwao MASHIRO, Yukio SHIMONO, and Reizo KUSUKAWA.
Division of Cardiology, Tenri Hospital

Kouichi SATO.
Division of Radioisotopes, Department of Radiology, Tenri Hospital

Michiyoshi KUWAHARA, Kouzaburo HACHIMURA, and Hishao KITAGAWA.
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Left ventricular volume and ejection fraction
were determined in twenty patients with various
heart deseases by both ECG-gated RI angiocar-
diographic and X-ray cineangiographic methods
to compare them. The output of the Anger
scintillation camera was recorded on the VTR
with frequency modulated signals of R wave
of ECG. On the replay enddiastolic and endsys-
tolic left ventricular images are displayed on
the persistence scope and photographed on
polaroid film. Left ventricular images are
outlined as the conventional X-ray cineangio-
gram. Left ventricular volume was calculated
from the area and length method. The com-
parison between RI and cineangiographic studies
shows correlation coefficients of 0.97, 0.92,
0.95, 0.94, 0.86, and 0.87 for left ventricular
area, length, endsystolic (ESV), enddiastolic

volume (EDV), stroke volume (SV) and ejec-
tion fraction (EJ), respectively. All of the cor-
relation coefficients are statistically significant
at the level of 0.1%.

The RI left ventriculograms in two patients
with idiopathic hypertrophic subaortic stenosis
show the same findings of the abnormal end-
diastolic contour as the cineangiogram. Repeated
calculation of left ventricular volume and ejec-
tion fraction from the same angiograms of six
patients shows correlation coefficients of 0. 98
and 0. 97, respectively, indicating an adequate
reproducibility for this technique.

This Rl-angiographic method is noninvasive
and can be safely and repeatedly performed in
severely ill patients, and can give the comparable
values for EDV, SV, and EF as the cineangio-
graphic method.
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