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Abstract

Objectives. Visual assessment of the ejection fractioh] EF[ds often used in clinical practice, but is sub-
jective and requires training and experience. The auto EF method has been newly developed for automated
detection of the left ventriculdr] LV[endocardial border throughout the cardiac cycle. The clinical feasibili-
ty was assessed of the auto EF method for measuring LV volumes and EF in patients. Manually traced EF
measured by the biplane modified Simpson’s rule was used as the reference standard.

Methods. The study population consisted of 30 consecutive patients with normal sinus rhythm. All
patients underwent two-dimensional echocardiography. The auto EF method incorporated pattern and
shape recognition to automatically locate the LV, track the endocardium, and calculate EF from routine
digital images. LV end-diastolic and end-systolic volumes and EF measured by the auto EF method were
compared those by the manually traced method. LVEF by the Auto EF method was also compared with
visual EF determined by nonattending physicians.

Results. Auto EF was more reproducible than visual EF by the expert reader. LVEF by the auto EF
method had excellent correlation and close limits of agreement with manually traced EF compared with
visual EF] 4-chamber view: y[ 1.10 x[0 4.28, r[O0 0.94, biasU 1.6%, 2-chamber view: y[ 0.88 x[J
7.25, ¥ 0.90, bias 0.4%[ LV volumes by the auto EF method underestimated those by manually
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traced EF] end-diastolic volume by 4-chamber view: y[ 0.72 x0 8.92, rU 0.93, biasU U 16.7m/, end-
systolic volume by 4-chamber view: y[1 0.82 x[0 0.97, »[I 0.98, bias [0 8.5m/, end-diastolic volume
by 2-chamber view: y[J 0.73 xO 12.4, rO 0.82, bias 00 12.3m/, end-systolic volume by 2-chamber

view: y 0.65 x[0 6.94, r1J 0.90, bias U [0 6.8 mi[]

Conclusions. The auto EF method is a clinically useful tool for the measurement of LV volumes and

EF.
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Fig. 1 Steps in the axius auto ejection fraction! auto EFCimethod
Automated contour tracking in 4-chamber view is achieved by selection of the end-diastolic imagel AChnd

end-systolic image] B[based on electrocardiography.

EF0 ejection fraction.
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Left ventricular volumes and ejection frac-
tion are measured from the apical 4-cham-
ber view in every frame throughout 2 car-
diac cycles by the auto EF method.

Left: Enddiastole. Right: Endsystole.

HR O heart rate ; EDV [ end-diastolic
volume ; ESV O end-systolic volume.
Other abbreviation as in Fig. 1.
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Fig. 3 Correlations between the visual EF and manual trace methods! left[] and the auto EF and
manual trace methods! right[in the 4-chamber view
Scatter plots show the correlation in the 4-chamber view between the visual EF and manual trace methods
in measurement of LVEF! left-upperChnd mean LVEF by the visual EF and manual trace methods] x axis(]
and difference between visual EF and manual trace methods] y axis[ left-lower[]; and between the auto EF
and manual trace methods in measurement of LVEF] right-upperChnd mean LVEF by the auto EF and
manual trace methods] x axisChnd difference between the auto EF and manual trace methods] y axisO right-

lower]

LV O left ventricular. Other abbreviation as in Fig. 1.
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Fig. 4 Correlations between the visual EF and manual trace methods] left[] and the auto EF and
manual trace methods] right[in the 2-chamber view

Scatter plots show the correlation in the 2-chamber view between the visual EF and manual trace methods
in measurement of LVEF] left-upperCand mean LVEF by the visual EF and manual trace methods] x axis[]
and difference between visual EF and manual trace methods] y axisO left-lowerl]; and between the auto EF
and manual trace methods in measurement of LVEF]! right-upperCand mean LVEF by the auto EF and
manual trace methodk] x axisChnd difference between the auto EF and manual trace methods] y axisO right-

lower(
Abbreviations as in Figs. 1, 3.

Table 1] Comparison of visual EF and manual trace methodl upper(] auto EF method and manual

trace methodl lower[]

r value Regression equation Bias

Comparison of visual EF and

manually traced EF
0 04CH 0.96 yO 1.05x0 1.18 1.7%
002CH 0.96 y 0.94x0 4.34 00.5%
Comparison of Auto EF and

manually traced EF
0 04CH 0.94 yO 1.10x0 4.28 1.6%
0 02CH 0.90 yd 0.88x0 7.25 0.4%

4CHUO 4-chamber view ; 2CHO 2-chamber view. Other abbreviation as in Fig.1.

J Cardiol 2007 Mar; 49 3L 125—134



Endldiastolic volume

End0 systolic volume

AuwoEFO000OO0OO0O0O0O0O0O 131

Ejection fraction
100.0

250.0 200.0
y=0.72x+8.92 ¥=0.82x%-0.97 y= ;-;40 ¥ -4.28
=093 =098 r=0.
- p < 0.001 — p < 0.0M - s0.0] P <0001
g 200.0{ [ _ 50 £ ool n-30 _ n=30
i n £
ke
o = w 600
£ 1500 £ a
[~} ~ 15
= = 100.0 F
= = 2 0.0
@ -4} a
g 100.0 g m
s s =
£l 5 500 a
= 50.0 = 20.0
ool o0 0.0k
0.0 500  100.0 1500  200.0 250.0 0.0 50.0 100.0 150.0 200.0 0.0 200 400 €00 30.0  100.0
LY EF by manual trace method {ml) LY EF by manual trace method {mil) LY EF by manual trace method (%)
100.0 e s5ml 1000 bias = 1.6 %
= bigs = -16.7 ml = = tas = 1.
E a0 E s0o0 g 800
g 60.0 ;‘ 60.0 F 60.0
E 40.0 E 40.0 § 40.0
° 2004 o ____________+%zD] S 200 498D -E 20.0
£ 0o % 8 | & oo ;ﬁ" mean| w00
Lt ")
3 200 &o & o0l T 5 %, 0T _______-zm0| g o0
H o o o = o E
2 a0 09 -2sp| £ -a0.0 3 400
E -60.0 o E 600 L 0.0
- =
E -80.0 E -§0.0 - _g0.0
-
-100.0 ~ 1000 A00.0
0.0 50.0  100.0 1500 2000 250.0 0.0 50.0 100.0 150.0 200.0 0.0 20.0 40.0 60.0 80.0  100.0

LY volume by (auto EF — manual frace method) / 2 {mi)

LY wolume by (auto EF — manual trace methody / 2 (mi)

LV EF by (auto EF — manual trace method) /2 (%)

Fig. 5 Correlations between the auto EF and manual trace methods in the 4-chamber view
Scatter plots show the correlation in the 4-chamber view between the auto EF and manual trace methods in
measurement of left ventricular end-diastolic volume! left-upperl] end-systolic volumel middle-upperChnd
LVEH right-upper] and mean left ventricular end-diastolic volumel! left-lower[] end-systolic volumel mid-
dle-lowerlhnd LVEFI right-lower[by the auto EF and manual trace methodk] x axisChnd difference
between the auto EF and manual trace methods! y axis[]

Abbreviations as in Figs. 1, 3.

Table 2] Comparison of auto EF method and manual
trace method

r value Regres§i0n Bias
equation

4CH

0 0O EDV 0.93 yd0.72x0 8.92 016.7ml
0O OESV 0.98 y0 0.82x0 0.97 08.5mi
O 0OEF 0.94 yO 1.10x0 4.28 1.6%
2CH

0 O EDV 0.82 y00.73x0 124 012.3ml
O OESV 0.90 yd 0.65x0 6.94 0 6.8m/
O OEF 0.90 yO 0.88x0 7.25 0.4%

Abbreviations as in Figs.1, 2, Table 1.
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Fig. 6 Correlations between the auto EF and manual trace methods in the 2-chamber view
Scatter plots show the correlation in the 2-chamber view between the auto EF and manual trace methods in
measurement of left ventricular end-diastolic volumel! left-upperl] end-systolic volume] middle-upperChnd
LVEE right-upperl] and mean left ventricular end-diastolic volumel! left-lowerl] end-systolic volumel mid-
dle-lowerCand LVEF] right-lower[by the auto EF and manual trace methodk! x axis[hnd difference
between the auto EF and manual trace methods] y axisll
Abbreviations as in Figs. 1, 3.

Table 300 Comparison of intraobserver and interobserver variability by 4-chamber view and 2-
chamber view

Intraobserver variability] %0 Interobserver variability] %0
EDV ESV EF EDV ESV EF

4CH

O O Manual trace 52+ 5.7 5.9+ 9.8 33+ 2.6 13.1% 11.1 14.1%£ 132 7.2+ 54
O O Visual EF — — 11.8% 6.2 — — 11.5+ 9.7
O O Auto EF 0.0 0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0 0.0
2CH

O O Manual trace 58+ 53 5.8+ 6.0 3.5+ 2.8 9.1+ 11.1 15.0+ 18.5 7.3% 6.6
0 O Visual EF — — 8.4+ 74 — — 11.8+ 6.9
O O Auto EF 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Values are meant SD.
Abbreviations as in Figs.1, 2, Tablel.
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Fig. 7 Representative case of inadequate
endocardial border detection by the
auto EF method
The auto EF method failed to detect the
apical endocardial border.

Left: Enddiastole. Right: Endsystole.
Abbreviations as in Figs. 1, 2.
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