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Objectives. Visual assessment of the gjection fractionl EF[is often used in clinical practice, but is sub-
jective and requires training and experience. The auto EF method has been newly devel oped for automated
detection of the left ventriculdr] LV Cendocardial 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[J 1.10 x[O 4.28, r 0 0.94, biasO 1.6%, 2-chamber view: y[J 0.88 x[J
7.25, r 0 0.90, bias 0.4%[1 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 0.72 xO 8.92, r 0 0.93, bias0 O 16.7ml, end-
systolic volume by 4-chamber view: y[ 0.82 x[0 0.97, r 0 0.98, bias] 0 8.5ml, end-diastolic volume
by 2-chamber view: yO 0.73 xO 12.4, r O 0.82, biasO O 12.3ml, end-systolic volume by 2-chamber

view: y[J 0.65x0 6.94, r O 0.90, bias 00 6.8mi]

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

EF.
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Fig. 1 Stepsin theaxiusauto gection fractioil auto EFCmethod
Automated contour tracking in 4-chamber view is achieved by selection of the end-diastolic imagel ACand
end-systolic imagel Blbased on electrocardiography.
EFO gjection fraction.
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Auto EF method

Left ventricular volumes and €jection 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.
HRO heart rate; EDV O end-diastolic
volume; ESV O end-systolic volume.
Other abbreviation asin Fig. 1.
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Fig. 3 Correlations between the visual EF and manual trace method§! |eft(] and the auto EF and
manual trace methods rightCin 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 LV EE! left-upper Cand mean LVEF by the visual EF and manual trace methods x axisC]
and difference between visual EF and manual trace methods y axis[ left-lower [J; and between the auto EF
and manual trace methods in measurement of LVEE right-upper Cand mean LVEF by the auto EF and
manual trace methods x axisland difference between the auto EF and manual trace methods y axisO right-

lower

LV O left ventricular. Other abbreviation asin Fig. 1.
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Fig. 4 Correlations between the visual EF and manual trace method§! left(] and the auto EF and
manual trace method§! 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 LV EFE] left-upperCand mean LVEF by the visual EF and manual trace methods x axisl]
and difference between visual EF and manual trace methods y axis(] left-lower [J; and between the auto EF
and manual trace methods in measurement of LVEFE right-upper Cand mean LVEF by the auto EF and
manual trace methods x axisCand difference between the auto EF and manual trace methodsl y axisO right-

lower

Abbreviationsasin Figs. 1, 3.

Table 100 Comparison of visual EF and manual trace methofl upper(] auto EF method and manual

trace method! lower 0

r value Regression equation Bias

Comparison of visual EF and

manually traced EF
O 0O4cCH 0.96 yd 1.05x0 1.18 1.7%
002CH 0.96 y 0.94x0 4.34 00.5%
Comparison of Auto EF and

manually traced EF
O 0O4cH 0.94 yOd 1.10x0 4.28 1.6%
0d2CH 0.90 yJ 0.88x0 7.25 0.4%

4CHO 4-chamber view ; 2CHO 2-chamber view. Other abbreviation asin Fig.1.
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Fig.5 Correlationsbetween the auto EF and manual trace methodsin 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 volumgl left-upper [ end-systolic volumg middle-upper Cand

LVEHF right-upper ] and mean |eft ventricular end-di

astolic volumél left-lower [J end-systolic volumg mid-

dle-lowerCand LVEFE right-lower Cby the auto EF and manual trace methodsl x axisCand difference
between the auto EF and manual trace methods y axisC]

Abbreviationsasin Figs. 1, 3.

Table 2Ll Comparison of auto EF method and manual

trace method
r value Regr on Bias
equation

4CH

0O 0O EDV 0.93 yO 0.72x0 8.92 016.7ml
0O 0ESV 0.98 yJ 0.82x0 0.97 085ml
O0EF 0.94 yJ 1.10x0 4.28 1.6%
2CH

0 O EDV 0.82 yO 0.73x0 12.4 012.3ml
0 0dEesv 0.90 y 0.65x0 6.94 06.8ml
O0EF 0.90 y[ 0.88x0 7.25 0.4%

Abbreviationsasin Figs.1, 2, Table 1.
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Fig. 6 Correlationsbetween the auto EF and manual trace methodsin 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 volumg left-upper] end-systolic volumg middle-upper Cand
LVEE right-upperd and mean |eft ventricular end-diastolic volumg |eft-lower [ end-systolic volumg mid-
dle-lowerCand LV EHE right-lower[Cby the auto EF and manual trace methodsl x axisCand difference
between the auto EF and manual trace methods y axisl]
Abbreviationsasin Figs. 1, 3.

Table 30 Comparison of intraobserver and interobserver variability by 4-chamber view and 2-
chamber view

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

4CH

00O Manud trace 5.2+ 5.7 5.9+ 9.8 3.3+ 26 131+ 111 14.1+ 13.2 72+ 54
0 O Visua EF — — 11.8+ 6.2 — — 115+ 9.7
0 0O 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

00O Manud trace 5.8+ 5.3 5.8+ 6.0 35+ 28 9.1+ 111 15.0+ 185 7.3+ 6.6
00O Visual EF — — 84+ 74 — — 11.8+ 6.9
0O 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.
Abbreviationsasin 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 endocardia border.

Left: Enddiastole. Right: Endsystole.
Abbreviationsasin Figs. 1, 2.
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