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On-Line Assessment of Left Ventricular Function by Automated Border
Detection Echocardiography

- Comparison with Gated Cardiac Blood Pool Secintigraphy —

Dae Hyun Kim, M.D., Yong Soo Kim, M.D., Dong Ock Kim, M.D.,
Tae Jun Cha, M.D., Seung Jae Joo, M.D., Jae Woo Lee, M.D.

Department of Internal Medicine, Kosin Medical College, Pusan, Korea

Background : Automated border detection(ABD) is a new echocardiographic modality
providing continuous on-line measurements of left ventricular(LV) cavitary area, volume, and
ejection fraction(EF) throughout the cardiac cycle. Previous study showed that LV volume and
EF measurements with ABD system approximate manually traced LV volume and EF obtained
with conventional 2-dimensional echocardiography. But further clinical validation needs a
comparison of LV function between the ABD system and established methods. The purpose of
this study is to compare EF, peak ejection rate(PER) and peak filling rate(PFR) between on-line
ABD system and the gated cardiac blood pool scintigraphy.

Method : 27 patients with an apical 4 chamber view of LV in which at least 75% of the
endocardium was clearly seen were selected for this study. They had a normal sinus rhythm and
underwent echocardiographic study on the same day of or one day before gated cardiac blood
pool scintigraphic study. The off-line estimation of LV volume was performed by the method
of disc, after manually tracing the endocardial border on the apical 4 chamber view and EF ¢
was calculated. Also on that view the ABD system was turned on, and EF,g, PERsgp, PFRup
were calculated automatically from LV volume curve. They were compared with EFy, PERy,,
and PFRy, obtained by the gated cardiac blood pool scintigraphy.

Results :

1) EF,q and EE.y, were highly correlated with EFg(r=0.78, 0.90 respectively ; p<0.001).
The mean difference between EFy; and EF,; was 4+9%, and the limits of agreement between
EFy and EF were —16~+22%. EF,; were less than EFy(p<{0.05). The mean difference
between EFy and EFsp was 5+£7%, and the limits of agreement between EFg; and EF,; were

~ 637 -



=9~ +419%. EFayp were also less than EF,(p<0.05).
2) PER,y» and DPFR,y, were highly correlated with PER,, and PFRy(r=0.74, 0.60,

respectively . p<0.001). The mean difference between PERy; and PER,y;, was

-0.1+0.7EDV

(enddiastolic volume)/sec, and the limits of agreement were — 1.5~ +1.3EDV /sec. PERygp
was slightly greater than PERg(p>> 0.05). The mean difference between PFRy, and PFR,, was — 0.
8+0.8EDV/sec, and the limits of agreement were —2.4~+0.8EDV/sec. PFRy, were greater

than PFRy(p<0.01).

Conclusion : EF, PER, PFR measurements by the ABD system and the gated cardiac blood
pool scintigraphy have significant correlatons. Thus ABD echocardiography is a useful method

for assessement of LV function.

KEY WORDS : Automated border detection(ABD) echocardiography - Left  ventricular
function - Gated cardiac blood pool scintigraphy.

M =

7E AAE @aolr FA44 FEE(EF  ejection

fraction)& 5 o Fe] o Fo] Fad PRE 233}

of QoA de] AREH I Yok A FEEe F

A z2dedA ke #EA Bl HAxgury

A B9 UAE o]8% A4 2Pl FekE v
#HEAQ wyo] Slon, WHE Al foldt HE g

b FAAA T8 E A 7P £3] AHEE AL ]l o]

SRR 78 FEEL 3‘}/8%’ o 2gsol

= & 7E&T YA

71"‘—‘ a7l fsiMeE, o

HA Azgute A4 3 (off-line) ol 4] "‘LH"Ur g9

el AAE -’F%P-E ad f’%. AFE 22 58 o

gasjl Ht g 1}%

5 (automated border detection

(ABD) echocardiography)¥ ©|8Ad Hzxgdxe] o
& §F‘3 (on~hne)°ﬂ/’~1 g o7 Auetat dole] FAlE

A *—z ’\1530}04 4 7] mith 24

7/17_1] Elx] Ali.‘lx

of
FE
¥
=
m

o\‘r*l

ot 2
B
o
x

%@% :}: a)\,:}sm A}_\, 7174] El-;q Al}_g
of 3k, olejak HAA V)% AR §
TELS F2 offline Al2goA 73 2
A dske, AU 84 7Ee §)
g,q e 44 71%de] vang 53 A%
AT 7%91 fAck, ol AxEL 2E A
ol g3t} AN T &, Hu &

oo o -
Oft
s

, O

-

w oox Homeh o) F{D‘.

EnzOFO_‘;-L*}JmZJAJ

it &g

El

EERS ol 2 it mo 8
e
e
re
-
i
4‘0

Be rt 41 8

3

2
£

[e2

T
2
fated
glo
_&L [
‘;ﬂ
m}m

h =4

& (PER : peak ejection rate). o o]¢h&(PFR :
peak filling rate) 5 % % gated cardiac blood
pool scintigraphy® -8+ z}7be] AR 53} M2 Hln

sted Bkt

&olH,
ot 22 e 52 1 Aol 2A4E BA A ung}g%
Al 2738 ider aglvh Wt A¥ 56+
13A11eH, Fab= 124, 2 15eA. EH’E 2t
27e= 771 3o, ¥} 99, 72+F AAS 1590t

ated cardiac blood pool scintigraphy ZA}

2 % ¥

Hewlett-PackardAhe] SONOS 1500 2&37], 2.
BMHZ 3248 ol§el A% 41 Dol A 44
FE71% 0 A7) 44 SES e F, §0w &
A

=T T, Al
we] A7t 75% ol

ARSI RENE TEEE SajolA
AA AYHE trackballg &8 5 o® 18 &
25371 WH TRoRg 01% ko], disc WEo R
;}M k1

1% §H5 AU $512 92 TN
BF.0S ARG, £2 43 48 0t

rqo

X

- A AARe AEAA A 8
o ZAWe] e Mo Yehhus shx, ol AAW

£ o|uA AR Foeiol A Seter 8l 7hsd Ay

- 638 -



gke] A YXAIF17] ASA, transmit powerst
time gain compensations ZA3dt3, QA la-
teral gain controlS AME-EFST) ©] AEjolA TR
& 7122 B4 9Y(region of interest)E A3}
™, SONOS 150001 W3" T2l <34, disc
wos AN ST &4, A 57T 84,
FHAA TEE&(EFam), AU BEE(PERaso), AW ©]
& (PFRasp) 5°] " Aetanitt 44302 At 5
Rew(Fig. 1), ©1E video taped =38ttt off-
line Al2=&l% A& 3cycles ©14, on-line Al2® &
5cycles ©14¢] BFXE Aot

3H gated cardiac blood pool scintigraphyt ¥3
d AW red blood cell-labeling techniqueg A3t
o] A=A} 5.1mge] stannous pyrophosphateE ¥
A AFF ¥ 20mCiQ technetium-99m pertechne-
tateE A58, Sophy DS7(Sopha Medical)S &
AAY] 9429 2 500% F<¢ RR 343 32frameS
o] &3 frame modeZ Y& AN AFE Sophy
computer systems ©]83l9 715 £4 ¥ 44 7
& (EFr), 3 92 (PERR), AU 0] $+&(PFRx)
< T3

57 AgE SPSS/PC+HE ©l43ld, z+ Wzt
AZEX) 9 v & paired t-test® AlB3Hz, 4 @
Wk 9] A% 4# ASE 247 Bland-Altmam
o] EA3 A #A £4E& APst e, B
E SAXNE 97+ ¥F U2 YeEhT

2. 8-M
KOSIN MEDICAL
CENTER
ADULT CARDIAC

SeMM-S XMIT:AR
12CM

PROC 27878
141BPM

28 FEB 95
1@:2e: 87

' El
515

Fig. 1. Waveform display of left ventricular volumes, e-
jection fractions, peak filling rates, and peak e-
jection rates within the region of interest measured
by the automated border detection system.
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Fig. 2. Plots of ejection fraction(EF) as measured with the
off-line trackball operator-traced method(EF )
versus the gated cardiac blood pool scintigraphy
(EFr).
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Fig. 3. Limits of agreement of ejection fraction(EF) det-
ermined by the off-line trackball operator-traced
method(EF,) and the gated cardiac blood pool
scintigraphy(EFxg,).
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Fig. 4. Plots of ejection fraction(EF) as measured with the
automated border detection system(EF.p) versus
the gated cardiac blood pool scintigraphy(EFz).
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Fig. 5. Limits of agreement of ejection fraction(EF) det-
ermined by the automated border detection system
(EFag0) and the gated cardiac blood pool scinti-
graphy(EFg).

5.0

4.0

3.0

2.0

PERAso(EDV/sec)

i Il § ]

measured with the automated border detection
system(PERgp) and the gated cardiac blood pool
scintigraphy(PERg).

9

2
>
)
il 1

g -05 r=0.60

§ 10+ p<0.001

-15 % ' % |

} }

4 1] T
0.0 10 2.0 3.0 4.0 5.0 6.0
PERumean{EDV/sec)

Fig. 8. Plots of peak filling rate(PFR) as measured with the
automated border detection system(PFRago) versus
the gated cardiac blood pool scintigraphy(PFRaj).
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Fig. 6. Plots of peak ejection rate(PER) as measured with
the automated border detection system(PERagp)
versus the gated cardiac blood pool scintigraphy
(PERg).
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Fig. 9. Limits of agreement of peak filling rate(PFR) as
measured with the automated border detection
system(PFRas0) and the gated cardiac blood pool
scintigraphy(PFRg).
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Table 1. Ejection fraction(EF), peak ejection rate(PER),
peak filling rate(PFR) by different methods

Manual Tracing ABD Rl
EF(%) 57+13 5611 6114
PER(EDV/sec) - 3.6+0.7 3.5+1.0
PFR(EDV/sec) - 3.9+0.8° 3.0+0.9

* p<0.05 vs RI Values are mean+SD
ABD : automated border detection
RI ; radionuclide gated cardiac blood pool scintigraphy

8EDV/sec
CEST i

2 3.0+0.9EDV/secttt. 2H5 A4 B4
9 gated cardiac blood pool scintigra-
phyE ©]&3 A vr&& Alole] A3 AlFe 0.74%,
Folgt & A #A(p<0.001)7F AN (Fig. 6), ¥
WY Ho) g Abole) Hie - 0.1+£0.7EDV/
sec, ¥ A= ~1.5~+1.3EDV/sec2&(Fig. 7),
AE AA A AxeRER ASS Ao $EE 3ol
gated cardiac blood pool scintigraphy® -8 gt H
t} 2 ZHgo] AATHP>0.05). =3+ F H3hy 7k )
o|¢hg Alojo] At BAE, 4F AlF 0.6022 Folgt
o} 43 #A(p<0.001)7} AN (Fig. 8), & W7t
o] Fuj olghg Aol HiF2 - 0.8+0.8EDV/secol
A A= -24~+0.8EDV/secE(Fig. 9). A5 7
A BA Ax&IER AST Fto] gated cardiac
blood pool scintigraphy® 3 gtR.ch 27 4=
th(p<0.01).
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2) PERasn® PERu, PFRasn®t PFRy Abololl Aot
AF7d b2t 0.74, 0.602.2 913 %] A B4 (p
<0.001)7F AUt PERuS PERasn®] Zo]o] &
-0.1+0.7EDV(enddiastolic volume)/sec, Y% 3t
Ac ~1.5~+1.3EDV/secZ PERas’} PERuE.Th
2 Aol AA1(p>0.05), PFRuS PFRas® Aol
HdE -0.8+0.8EDV/sec, €3 eAE -24~40.
8EDV/sec®, PFRuw® PFReETH 27 4 HA0)
(p<0.01).

4 B

g A FA d2&3E9} gated cardiac blood
pool scintigraphy® 3% EF, PER, PFR Ale]o]
ogh kol A3 BAE oM, A BA A Az
stezh 244 7% Ftel o] 88 & US Aoz A7t
=3

References

1) The Multicenter Postinfarction Research Group :
Risk stratification and survival after myocardial in-
farction. The Multicenter Postinfarction Research
Group. N EnglJ Med 309 : 331, 1983

2) Mukharji J, Rude RE, Poole WK, Gustafson N.
Thomas LJ, Strauss HW, Jaffe AS, Muller JE, Ro-
berts R, Raabe DS, Croft CH, Passamani E,
Braunwald E, Willerson JT : Risk factors for sud-
den death after acute myocardial infarction: two year
follow-up. Am J Cardiol 54 - 31, 1984

3) Ritchie JL, Hallstrom AP, Troubaugh GB,
Caldwell JH, Cobb LA : OQut-of-hospital sudden
coronary death . Rest and exercise radionuclide left
ventricular function in survivors. Am J Cardiol 55 :
645, 1985

4) Quinones MA, Waggoner AD, Reduto LA, Nel-

son JG, Young JB, Winters WL, Ribeiro LG, Mill-

er RR : A new simplified and accurate method for

determining ejection fraction with two-dimensional

echocardiography. Circulation 64 . 744, 1981

Folland ED, Parisi AF, Moynihan PF, Jones DR,

Feldman CL, Tow DE : Assessment of left ven-

tricular ejection fraction and volumes by real-time,

5

~

two-dimensional echocardiography. A comparsion of
cineangiographic and radionuclide techniques. Cir-
culation 60 : 760, 1979

6) Perez JE, Waggoner AD, Barzilai B, Melton HE,
Miller JG, Sobel BE : On-line assessment of ven-
tricular function by automated boundary detection
and. ultrasonic backscatter imaging. J Am Coll Car-
diol 19 : 313, 1992

Vandenberg BF, Rath LS, Stuhlmuller P, Melton
HE, Skorton DJ : Estimation of left ventricular cav-

7

~

ity area with an on-line, semiautomated echocardio-
graphic edge detection system. Circulation 86 : 159,
1992

Perez JE, Klein SC, Prater DM, Fraser CE, Car-
dona H, Waggoner AD, Holland MR, Miller JG,
Sobel BE : Automated on-line quantification of left
ventricular dimensions and function by echocardio-

8

==

garphy with backscatter imaging and lateral gain
compensation. Am J Cardiol 70 : 1200, 1992

9) o2 - 4% - FAZ - $FH - YT - uH
4% ARA - AAL kel g
A &2 (Automatic Border Detection)?] 2-&-3} &
o] &8 3 A4 =HA 9 red] Hrh &3
24 : 380, 1994

10) HAE - % - o] 38 - AT - ubgst - ojAl
3 - A E - FEA - oA S A AA FAAu-
tomatic Border Detection) A 2348 0] 431 =
A 84 9 e g &3, 43517] 35 614, 1995

11) Bland JM, Altman DG : Statzstzcal methods for as-

sessing agreement between two methods of clinical

measurement. Lancet i - 307, 1986

Lindower PD, Rath L, Preslar J, Burns TL, Rezai

K, Vandenberg BF : Quantification of left ven-

tricular function with an automated border detection

e o

12

~

system and comparison with radionuclide ven-
triculography. Am J Cardiol 73 : 195, 1994

Gorcsan ] III, Lazar JM, Romand ], Pinsky MR :
On-line estimation of stroke volume by means of echo-

13

Qg

cardiographic automated border detection in the can-
ine left ventricle. Am Heart J 125 : 13, 1993

14) Gorcsan ] 1III, Gasior TA, Mandarino WA,
Deneault LG, Hattler BG, Pinsky MR : On-line es-
timation of changes in left ventricular stroke volume
by transesophageal echocardiographic automated
border detection in patients undergoing coronary ar-
tery bypass grafing. Am J Cardiol 72 : 721, 1993

15) 32344« 393} p320, A2, 18] 1992

16) Wackers FJTh. Berger HJ, Johnstone DE, Gold-
man L, Reduto LA, Langou RA. Goaschalk A,

- 643 -



Zaret BL : Multiple gated cardiac blood pool im- ichek N, Sahn D, Schnittger I, Silverman NH, Ta-

aging for left ventricular ejection fraction : Validation jik AJ : Recommendations for quantification of the
of the technique and assessment of variability. Am J left ventricle by two-dimensional echocardiog-raphy. J
Cardiol 43 : 12, 1979 Am Soc Echocardiogr 2 : 358, 1989
17) Burow RD, Strauss HW, Singleton R, Pond M, 19) Cahalan MK, Ionescu P, Melton HE, Adler S, Kee
Rehn T, Bailey IK, Griffith LC, Nickoloff E, Pitt B LL, Schiller NB : Automated real-time analysis of in-
. Analysis of left ventricular function from multiple traoperative transesophageal echocardiograms.
gated acquisition cardiac blood pool imaging. Com- Anesthesiology 78 : 477, 1993
parison to contrast angiography. Circulation 56 : 20) Bednarz JE, Marcus RH, Lang RM : Technical
1024, 1977 guidelines for performing automated border detection
18) Schiller NB, Shah PM, Crawford M, DeMaria A, study. J Am Soc Echocardiogr 8 : 293, 1995

Devereux R, Feigenbaum H, Gurgesell H, Re-

— 644 —



	199626030637.pdf
	199626030638.pdf
	199626030639-gray.pdf
	199626030640.pdf
	199626030641.pdf
	199626030642.pdf
	199626030643.pdf
	199626030644.pdf

