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Objectives. Three-dimensiondll 3-Dlechocardiography accurately calculates left 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 ejection 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 slice resolution had excellent correlation and close limits of agreement with those by the disk
summation method. Intraobserver variability and interobserver variability were § 11%. With the use of
three component tomograms, analysis time required for left ventricular volume measurement by the aver-
age rotation method was B 2 min.

Conclusions. Transesophageal 3-D echocardiography using the average rotation method is a clinically
useful tool for accurate and rapid measurement of left ventricular volume and function.
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Fig. 1 Calculation of left ventricular volumes by the disk summation method
A: Endocardial 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 manually 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 calculated.
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Table 100 Regression analysis of the disk summation method versus average rotation methodd

:
EDVO O O O O
O 30 0.980 vy 0.94x0 6.600 6.10
O ((m] 0.980 y[0.92x0 5.80 5.600
[m| 9O 0.980 y[10.93x00 4.70 5.0
O 120 0.990 y00.99x0 5.20 4.00
ESvO O O | O
O 30 0.980 yO 1.0x0 0.40 3.80
O (¢m] 0.980 yO 1.0x0 0.20 3.40
m} oa 0.990 y 1.0x0 1.60 3.10
m| 120 0.980 yO 1.0x0 0.60 2.30
EF | O | |
30 0.960 y[d0.86x0 10.00 5.10
(] 0.960 y[0 0.84x[1 10.10 4.60
P/ 0.970 vy 0.87x0 8.301 4.20
12 0.99 y[00.93x00 4.5 2.9

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

Table 2 Limits of agreement analysis between the disk Table 3 Comparison of interobserver and
summation method and average rotation intraobserver variability
method
Slice O Ifffaobserver]  Interobserver
Slice O Meand Limits ofCd number variability] %0  variability] %0
number  difference] m/0 agreement

EDVO m} O O

EDVO O (| 30 50 70
O 30 go.90 +6.10 =+ 12.20 O 60 50 0o70
O 60 1.20 +580 =+ 11.60 O od 040 0asa
O o 1.70 +580 = 11.60 (m} 120 020 (my/m]
O 120 2,70 + 470 £ 940 ESvO m} oo 0o
ESvO O O O 30 100 110
O 30 0.40 +360 £7.20 (m} 601 040 o100
O 6O 0.30 +330 =+ 6.60 (| od 040 mim]
O o 0.500 +3.00 = 6.00 O 120 O30 asa
O 120 0.10 + 220 =+ 440 EF m] a O
EF O 30 [m[{m| 040
30 02.00 +550 < 11.00 601 040 06O
60 01.30 + 530 = 10.60 o1 040 OeO

o 01.o0 + 470 £ 940 12 02 a7

12 0o0.8 + 3.0 + 6.0

Abbreviations as in Table 1.

Difference: Disk summation method[] average rotation
method. Abbreviations as in Table 1.
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Table 4] Time for measuring left ventricular volumes

Disk summation method

Average rotation method

Slice numberd 200
EDVI sec] O 287+ 550
ESVI] sec O 297+ 31

30 60 o0 1200
77+ 110 118+ 140 167+ 280 216+ 180
68+ 14 120+ 29 160+ 26 201+ 46

Disk summation method vs average rotation method slice number: 3, 6,9, 12001 O

Abbreviations as in Table 1.
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