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Objectives. Three-dimensiondll 3-Dkchocardiography accurately calculates |eft ventricular volumes
without geometric assumptions. Conventional 3-D echocardiography using the disk summation method is
limited in practical use because of the long analysis time. This study validated the average rotation method
for rapid and accurate left ventricular volume measurement compared with the conventional disk summa-
tion method.

Methods. 3-D data acquisition using multiplane transesophageal echocardiography was performed in 13
patients. Left ventricular volumes and gjection fraction were calculated by the disk summation method
with 20 parallel short-axis tomograms and by the average rotation method with 3, 6, 9 and 12 apical long-
axis tomograms.

Results. 3-D left ventricular volumes and ejection fraction by the average rotation method in each sub-
group of dlice resolution had excellent correlation and close limits of agreement with those by the disk
summation method. Intraohserver variability and interobserver variability were§ 11%. With the use of
three component tomograms, analysis time required for |eft ventricular volume measurement by the aver-
age rotation method wasg 2 min.

Conclusions. Transesophageal 3-D echocardiography using the average rotation method is a clinically
useful tool for accurate and rapid measurement of |eft ventricular volume and function.

J Cardiol 2001; 381 3t 1530 161

000000000000 00000 0OO0:065000046 0000000000406;°00000000000000 0O

gooooooood

Division of Cardiology, Kobe General Hospital, Kobe; “ Department of Cardiovascular Medicine, Osaka City University Graduate
School of Medicine, Osaka

Address for correspondence: KAWAI J, RDCS, Division of Cardiology, Kobe General Hospital, Minatojima Naka-machi 40 6, Chuo-
ku, Kobe 6500 0046

Manuscript received February 14, 2001 ; revised May 18, 2001; accepted May 21, 2001

RDCSO registered diagnostic cardiac sonographer

153



154 oooooooo oo

Key Words

= Echocar diography, transesophagedl three-dimensional(J
= Cardiac volume measurement[]

m Ejection fraction

googao

gbobobooooobooobooboboboooo
gbooooooobooboboboboooooogon
0o0ooooooo®"ooooooooooo
gboooooobooboboboboooooogo
00000000000 000o000oooooon
goboobbooobdoobbooboooboboon
gooboooobbboooobboooboogooo
disk summation( Fig. 10 000000000000
disk summation0 0 00 0000000000000
000000000000 0O000 average rotationd
OFig. 20 00000D00OD0O0ODO0O0OOODOODOO
goboobooobuoobobooboobboon
oMo ooboobobobobooooogoo
O00000DO0ODO0ODO0OO0O0O0O0OD disk summa-
ton0O0O0DOO0ODOOO0ODOOOODOOOOOOOOd

0

cme 101 €1.020

#

E - | k
V.=5.- d

= Diastole = Systole

000000o0O0o0ooooO0oooooooooooo
oo

0000000000000 0oo0ooooooo
000000 averagerotation0 0 000000000
00000000 disk summation0 00000000
00000000 DOaverage rotationd 0000000
godoodooooooo

goood

1noogoo

000000000 000000D O 520 94/min0
gogbooobooboooboobbooboon
oooboobobooobobooobobounbon
obobo2000b0ob20b00RB3O000Oon

200000
O0O00b00o0oboOobDOoon ssA-3s0AD O 0ODOO

W= 20 Wk W)

Fig. 1 Calculation of left ventricular volumes by the disk summation method
A: Endocardia borders were manually traced in each reconstructed short-axis cross-sectional image at end-

diastole and endsystole.

B: Left ventricular volumes at enddiastole and endsystole were finally calculated by the disk summation

method.
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Fig. 2 Calculation of left ventricular volumes by the average rotation method
A: Endocardial borders were manualy traced in each reconstructed equispaced long-axis cross-sectional

image at enddiastole and endsystole.

B, C: Using equispaced long-axis cross-sectional images] ex. 3 slices] left ventricular cavity casts were
reconstructed and left ventricular volumes at enddiastole and endsystole were calcul ated.
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Table 10 Regression analysis of the disk summation method ver sus aver age rotation method

]
T

nfrlr::t?eru r value R:é;l:;)]nm SEEI mIO
EDVO 0 0 0 0
O 30 0.980 y[ 0.94x0C 6.60 6.10
d 60 0.980 y[0 0.92xC0 5.80 5.60
O 90 0.980] y[ 0.93x0 4.70 5.60
O 120 0.990 y[ 0.99x0 5.20 4.00
ESVO O ad O O
O 30 0.9801 y 1.0x0 0.40 3.80
O 60 0.980 yO 1.0x0 0.20 3.40
d o0 0.990 yO 1.0x0 1.60 3.10
a 120 0.980 yd 1.0x0 0.600 2.30
EF O O O O
30 0.960 y[ 0.86x0 10.00 5.10
60 0.9600 y[l 0.84x0] 10.10 4.60
90 0.970 y[ 0.87xC 8.30 4.200
12 0.99 y[ 0.93x00 4.5 29

EDVO end-diastolic volume ; ESVO end-systolic volume ; EFO ejection fraction. Other abbreviation as in Fig. 3.

Table2 Limitsof agreement analysis between the disk Table3 Comparison of interobserver and
summation method and average rotation intraobserver variability
method -
SliceO Infraobserver]  Interobserver(]
Sliced MeanO Limits of O number variahbility] %0 variabiliti]d %0
number  difference miO agreement
EDV[O 0 O 0
EDVDO 0 0 30 50 70
O 30 0o.9d + 610 =+ 12.200 0 60 50 [y
O 60 1.20 + 580 + 11.60 0 o0l 040 a8
0 90 1.70 + 580 =+ 11.60 0 120 020 O7d
O 1200 2.70 + 470 £ 940 ESvO 0O aad ad
ESVO 0 0 0 30 100 110
0 30 0.40 + 360 =+ 7.20 0 60 040 0100
O 60 0.30 + 330 = 6.60 0 [e]n] 040 gsd
O 90 0.50 + 300 + 6.00 ] 120 030 a8
O 120 0.10 + 220 =+ 440 EF O 0 0
EF ad 30 0ed 040
30 0200 + 550 + 11.00 60l 040 0ed
60 0130 + 530 + 10.60 o0 040 ged
90 01.00 + 470 £ 940 12 02 g7
12 0o.8 + 30 + 6.0

Abbreviationsasin Table 1.

Difference: Disk summation method average rotation
method. Abbreviationsasin Table 1.
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Table 4 Timefor measuring left ventricular volumes

Disk summation method Average rotation method
Slice numberd 200 30 60 o 120
EDV] sec [ 287+ 550 77+ 110 118+ 140 167+ 280 216+ 180
ES] secO O 297+ 31 68+ 14 120+ 29 160+ 26 201+ 46

Disk summation method vs average rotation method slice number: 3, 6, 9, 121 0

Abbreviationsasin Table 1.

30 Averagerotation0 0000 O0O0OOOOOOOO
aoad
Averagerotation0 0 0000000000 DOO0OO
godddoomoboboboboooooooomm
Jooooooogosgooz2o0o0o0oooooon
0000000 Table4™

gooogo

0bodobobbooobbOdnnU average rota-
ton0ODO0O30609%0120000000000O0O0O
0000000000 D000DO0O00Odisk summa-
tonD0 000200 000000000000000
000000 DOaverage rotation0 0000 OO0O00OO
300020000000000000000000

00o00ooo0o0o0ooooooooooooooo
00000o0000ooo0oooooooooooo
ooooooo¥"ooooooooooooon
0000000O00oooO0oooooooooooo
00000o0o00o0oooO0oooooooooooo
000000000000000000Odisk sum-
mation0 0 0000000000000 00OO0OO0OO
O0000oO0o0O0o0ooo0oooooooooooo
000 0000disk summation0 00000000
0000oo00oooooooooooooo

O00DO0OD0ODO average rotationd 000 OO0
0000000O000o0ooO0o0ooooooooooo
oo moomoooo
doddddoooooooooooooooooon
oo oooooooooobooon
oo oooooooooobooon
oo ooooooboon
goooooobooboboooobooooboog
200 0 0 0 disk summation 0 30 6090 0 0 1200

J Cardiol 2001; 38: 153-161

0000 averagerotation0 0000 O0O0O0O0OO0OO
g ooooo
poooooiry 0.96[11 O O O O Bland-Altmand
goobooboooooboboooooboooooo
gooooomooobobbooooooogood
Average rotation0 00 000000000000 O0O
000000030 0000000200000000
gooododdddoogooooo

gooooog

giligogddoogooobbobboooogoooo
Moooosooooonomoooooooooon
gt oooo
0000ooo0oooooooooooooooog
0000ooo0oooooooooooooooog
000o0o0o0ooO0o0ooooo40600000000
000000000000 0000®ooooon
000ooooooooooennno9onoooong
gooooooooOOoOoOOoOOOOOoOOoDOoOoOoOO
avergge rotation0 0 0000 203000000000
ooo

020000000000000000O0O0O0OO
00000ooU00o00oooUoooUoooooo
0*0000000000000000000000
000000000000 0o0ooooo®™™ooon
000000000 00000000000 o00n
oo ooooooooooooo
o000 O000000000000000000
0000000 0doboooboobOodnUaverage
rotation0 0 0000000 DOO0O0OOCOO0OOOOOO
00ddddoodyrkodooooooooooO
011%00000000010%000000000
0000000ddisk summation0 00000000



160 oooooooo oo

0oooooo*®™™moooo
0000o0oO00o0ooooooooooooooo
00000o0o00o0oooooooooooooog
O0D000OOaveragerotation0 0000 00O0DOODO
000 disc summationd0* 0 00000000000
0000o0o00o0ooo0oooooooooooo
00000000000000oooooooooo

googd

ooboooooooooboocooobood

oo

10 Gopa AS, Keller AM, Rigling R, King DL Jr, King DL :
Left ventricular volume and endocardial surface area by
three-dimensional echocardiography : Comparison with
two-dimensional echocardiography and nuclear magnetic
resonance imaging in normal subjects. J Am Coll Cardiol
1993; 22: 2581 270

20 Sapin PM, Schréder KD, Smith MD, DeMaria AN, King
DL : Three-dimensional echocardiographic measurement of
left ventricular volume in vitro: Comparison with two-
dimensional echocardiography and cineventriculography. J
Am Coll Cardiol 1993; 22: 15300 1537

30 Sapin PM, Schroder KD, Gopal AS, Smith MD, DeMaria
AN, King DL : Comparison of two- and three-dimensional
echocardiography with cineventriculography for measure-
ment of left ventricular volume in patients. J Am Coll
Cardiol 1994; 24: 10540 1063

gooogo

0O00:000000D0C000000bOO0000O0U0DOOU0DOO0U0UDOOODOOUOUODOODO
o000oo00ooOo0d0bDOO00OOo0o00oooU0UOoDOoOU00OoOoU0UDoOOoUOooOoOoOooDood
O0DO0O00disksummation0 000000000 00DO0O00OO0O0ODOOOODOOO0ODOOOODOd
00D000000000D0000 averagerotation0 000000000000 OODOOOO disk
summation0 00 0000000000000 0Oaveragerotation0 0000000000000

g00:0000000000D000DLO00D0WBODO0OOD0O0ODO0O0ODOOODO0ODOO0 aver-
age rotation 0 0 O disk summation0 0 0000000 ODOODO OO Average rotationd 0 OO0 0O
oOo30e0o0did120000000000000O00O0OO0OODOODOOODOOOOOOOODDOO
0000000000000 0D0O0O00OO00OOO0DisksummationDO0 020000000000
oooooooooOoobOoO0OoboOoOoOoooOoOooDOOoO0O0oOOoO00bDoOoOooobooooooDooOg
OO000O000D0O0OOaveragerotationd DO OO0 O0O00OOOOOOOODO

OO0 : Averggerotation0 0 000 D0OO0O0D0O30609000 1200000000000 Odisk
summation0 000000000 OCOO0OO0ODOOO0OCO0OCO0OOO0OOO0OOOO0OOOOODOOOOoOOO
O0D0O00O0O000OO00C0D0C00000NN%wO000O00003000000 average rotationd
oooooOoO0ooOooOoOoDoOoOobDz2000O0OOOd

OO0D0:00000000000000 averagerotation0 0000000 O0ODOOODOOCODOO

J Cardiol 2001; 3873 1530 161

O00ODaveragerotation0 00000000 ODOO0O
ooooOooooooooooo

goooo

0000000000000 0O0D average rotation
oooooooooOooobooOoOoobooOooboooon
ooooOoooooooo

4 Nosir YFM, Fioretti PM, Vletter WB, Boersma E, Salustri
A, Postma JT, Reijs AEM, Ten Cate FJ, Roelandt JRTC:
Accurate measurement of left ventricular gection fraction
by three-dimensional echocardiography: A comparison
with radionuclide angiography. Circulation 1996; 94:
4600 466

500 Hozumi T, Yoshikawa J, Yoshida K, Akasaka T, Takagi T,
Yamamuro A: Three-dimensional echocardiographic mea-
surement of left ventricular volumes and ejection fraction
using a multiplane transesophageal probe in patients. AmJ
Cardiol 1996; 78: 10770 1080

600 Kupferwasser |, Mohr-Kahaly S, Star P, Rupprecht HJ,
Nixdorff U, Fenster M, Voigtléader T, Erbel R, Meyer J:
Transthoracic three-dimensional echocardiographic volu-
metry of distorted left ventricles using rotational scanning.
JAm Soc Echocardiogr 1997; 10: 8400 852

70 Buck T, Hunold P, Wentz KU, Tkalec W, Nesser HJ, Erbel
R: Tomographic three-dimensional echocardiographic

J Cardiol 2001; 38: 153-161



determination of chamber size and systolic function in
patients with left ventricular aneurysm: Comparison to
magnetic resonance imaging, cineventriculography, and
two-dimensional echocardiography. Circulation 1997; 96:
42860 4297

80 Tanabe K, Belohlavek M, Jakrapanichakul D, Bae RY,

Greenleaf JF, Seward JB: Three-dimensional echocardiog-
raphy : Precision and accuracy of left ventricular volume
measurement using rotational geometry with variable num-
bers of slice resolution. Echocardiography 1998; 15:
5750 580

90 Kul HP, Franke A, Janssens U, Merx M, Graf J, Krebs W,

J Cardiol 2001; 38: 153-161

gooooooooooooooobooo 161

Reul H, Rau G, Hoffmann R, Klues HG, Hanrath P:
Three-dimensional echocardiographic determination of left
ventricular volumes and function by multiplane trans-
esophageal transducer: Dynamic in vitro validation and in
vivo comparison with angiography and thermodilution. J
Am Soc Echocardiogr 1998; 11: 11130 1124

100 Nosir YFM, Lequin MH, Kasprzak JD, van Domburg RT,

Vletter WB,Yao J, Stoker J, Ten Cate FJ, Roelandt JRTC:
Measurements and day-to-day variabilities of left ventricu-
lar volumes and ejection fraction by three-dimensional
echocardiography and comparison with magnetic resonance
imaging. Am J Cardiol 1998; 82: 2090 214



