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The accuracy of left ventricular ejection fractions (EF) determined by multiple gated cardiac pcol
imaging (RI-EF) and by M-mode echocardiography (Echo-EF) (Teichholz’s method) was evaluated
by comparing with those derived from angiocardiography (LVG-EF) in 19 patients including 9 with
myocardial infarction, 3 with rest angina, 2 with effort angina, 2 with valvular disease, 1 with hy-
pertrophic cardiomyopathy, 1 with congestive cardiomyopathy and 1 with hypertensive heart. Meas-
urement of RI-EF was carried out by the fixed ROI method using a single end-diastolic ROI, and
the variable ROI method where end-diastolic and end-systolic ROI were used.
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EFs determined by the above three methods showed following correlations with those obtained
by biplane contrast cineangiography (Chapman’s method): the fixed ROI method vs angiography
was Y=0.78X+1.15 (r=0.92, p<0.001), the variable ROI method vs angiography was Y=0.89X+
0.40 (r=0.94, p<0.001), Echo-EF vs angiography was Y=0.50X+30.52 (r=0.70, p<0.001). Both
fixed and variable ROI-EFs were correlated with those by contrast angiography better than those
by Echo-EF. Fixed ROI-EF underestimated LVG-EF compared to variable ROI-EF except 3 cases.
Variable ROI-EF showed closer correlation to LVG-EF than fixed ROI-EF. Mean value of ratios
of variable ROI-EF to LVG-EF was 0.90+0.10 (mean=SD), whereas that of fixed ROI-EF to LVG-
EF was 0.80+0.10. Reproducibility of RI-EF was excellent. Intraobserver variance was as follow:
Y=1.05X—-1.97 (r=0.98, p<0.001) in the fixed ROI method, Y=0.95X+40.71 (r=0.98, p<0.001)
in the variable ROI method, respectively. In the interobserver variance, the fixed ROI method
revealed Y=1.15X—-5.36 (r=0.98, p<0.001) and the variable ROI method presented Y=0.97X+
0.13 (r=0.97, p<0.001).

This study showed that RI-EFs are correlated well with EF obtained by contrast cineangiography
and are highly reproducible. Especially, the application of variable ROI resulted in the closest calcula-
tion of EF to that by contrast cineangiography.
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Table 1. Ejection fractions by various methods

Ejection fraction (%)

Name Age Sex Diagnosis

LVG Fixed ROI  Variable ROI Echo
M.A. 45 M MI 14.0 13.4 14.7 46
T.1. 57 M RA 68.7 46.3 55.3 69
M.O. 67 M EA 81.6 65.6 79.6 70
H.H. 63 M MI 43.7 35.8 33.2 60
T.T. 44 M HT 52.5 42.5 54.7 64
H.T. 69 M MI 21.0 16.7 20.9 43
Y.N. 45 M RA 64.9 56.0 61.3 64
K.T. 49 M CVD 74.2 65.6 72.3 62
T.M. 47 M HCM 74.1 67.5 70.0 74
E.I. 52 F CCM 29.0 25.3 24.9 21
H.A. 55 M EA 53.1 46.9 56.1 76
H.T. 44 M CVD 62.0 54.5 53.4 60
T.M. 56 M MI 57.0 48.0 48.2 47
H.T. 60 M MI 54.0 35.6 40.5 51
H.O. 41 M MI 60.0 52.5 57.7 67
Y .M. 46 M MI 67.8 36.0 45.5 62
N.H. 52 M MI 38.5 29.1 36.1 50
H.N. 53 M MI 64.5 49.1 52.1 52
Y.S. 41 M RA 66.8 52.3 61.5 65
Mean 51.5 55.1 44.1 49.3 58.0
SD 8.4 18.4 15.6 17.4 13.1

M=male ; F=female ; MI=myocardial infarction ; RA=rest angina; EA=effort angina; HT =hypertension ;
HCM =hypertrophic cardiomyopathy ; CCM =congestive cardiomyopathy ; CVD=combined valvular disease.

Method MT]

—interfacel-{HITAC-100A

Camera)
q\:/::/ECGr signals

¥ Pmc-_RBC 12-20 mCi

Protocol
List Mode Data Acquisition
13

Multiple Gated Image Reconstruction
I (sampling time : 30 msec)
LV Volume Curve Extraction
Eﬁxed ROl method
1 variable ROl method
Background Correction

$
Calculation of Ejection Fraction
Fig. 1. Schematic diagram of multiple gated cardiac pool imaging in the calculation
of ejection fraction.
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FIXED ROl METHOD

VARIABLE ROI METHOD

ED

Fig. 2. Determination of region-of-interest (ROI).
Upper row: An end-diastolic fixed ROI is defined over the left ventricle and remained unchanged

throughout one cardiac cycle.

Lower row: A variable ROI tracks the left ventricular border throughout one cardiac cycle.
The time activity curves, ejection fractions and dV/dt curves are shown in the far right panels.
ED ROI=end-diastolic ROI; ES ROI=end-systolic ROI; BG ROI=background ROI.
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Fig. 3. Methods

of determination of left ventricular volumes by angiography and echo-
cardiography.

Upper panel: Measurement of left ventricular volume by biplane contrast angiography using
Chapman’s method.

Lower panel: Measurement of left ventricular volume by M-mode echocardiography using
Teichholz’s equation.

465 —



M$r EEE: 1'.71}1:7 1E A

°lo

’/D

~00p Joor
- EJECTION FRACTION ) EJECTION FRACTION
Fixed ROl Variable ROI
80r o 801
.
~N E N
S eo- E 601
E 3
g |l 2 L
i -
¢ 4ot 400
= 40]
N=19 - N=19
¥=105K 197 Y =095 X 071
20f r =098 20t r-098
p <0001 p <0001
c I L 1 1 2 s 1 1 L ry c I 1 1 L 1 1 1 1 2 |
0 20 40 60 80 100% O 20 40 60 80 100 %
Measurement 1 (X) Measurement 1 (x)
Fig. 4.

Intraobserver variance in ejection fraction (EF) determined by the multiple

gated cardiac pool imaging using fixed (left panel) and variable (right panel) ROI methods.
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Interobserver variance in fixed ROI-EF (left panel) and variable ROI-EF (right panel).
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Fig. 6. Comparison between fixed ROI-EF with
EF determined by biplane contrast angiography
based on Chapman’s method (LVG-EF).
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Fig. 7. Relation between variable ROI-EF and
LVG-EF.

7z. %I EF oW 0 2 oERNEETH
-7z,

3. Variable ROI (& LVG %[C k3 EF OB%

Variable ROI-EF & LVG-EF & o iz i
Fig. 7 iT R+ L S BRE BY. ZoHED
variable ROI-EF {3 & —HlIEZE L3 b0 H
Wi, FEBREGE r=0.94 (p<0.001) THEEFICH
EnmEpEasd by, ERRE Y=0.89X+0.40 (Y:
variable ROI-EF, X: LVG-EF) < fixed ROI-
EF LHRZLBBBTTRLEZ 45° 0EBRICL VI
fF {{EMm A2 B h e

4. RI % (variable ROI %, fixed ROI %) &
LVG %ic &% EF {HO—EHiEDMKE

Fixed ROI #:, variable ROI gin & Bk b
sk EF iconwtT, LVG-EF ¢ o—Eikz i
#4300, @ik k3 EF % LVG-EF <
BLEE kD 2B OKREIZ paired t-test
TfT - 7= (Fig. 8). Fixed ROI-EF/LVG-EF
0.80+0.10 (mean +SD), variable ROI-EF/LVG-
EF 1% 0.90+0.10 (mean+SD) T& Y, variable
ROI-EF/LVG-EF mi3 5 ? 01% offlREBTH
Bl ligEnZ Ldr&hik.

5. ME—FDLTa—-REHBLULVG EKICKS EF

467 —

467 —



lll7’§; Emr *ﬁ*) &i)*

1.1

1.0

09 T

o8| ©

0.7 -+

0.6

Fixed ROI EF Variable ROI EF
LVG EF LVG EF

Fig. 8. Comparison of agreements in fixed

ROI-EF and variable ROI-EF against LVG-EF.
Left: Ratios of fixed ROI-EF to LVG-EF.
Right: Ratios of variable ROI-EF to LVG-EF.
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Fig. 9. Comparison between Echo-EF (Teich-
holz’s equation) and LVG-EF.
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