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Summary

Echocardiographic and angiocardiographic determination of the left ventricular dimensions and
volume were performed in 32 patients (24 with valvular heart disease, 6 with coronary heart disease
without asynergy, and 2 with congestive cardiomyopathy). Echocardiographic left ventricular minor
axis dimension (D) was measured at end-diastole (Dd) and end-systole (Ds) with the hitherto described
method in all the 32 patients. In 14 patients echocardiographic major axis dimensions (Ld and Ls)
were determined directly with the transducer placed near the apex beat directing to the base of the heart.
The distance between the endocardial echo of the apical wall and the mitral valve ring echo was assumed
as the major axis of the left ventricle.

Cineangiocardiographic minor and major axis dimensions were determined with the single plane
area-length method at end-diastole and end-systole. Regression equation between angiographically
determined Ld and Dd was given by Ld=0.97xDd +3.8 cm and that between Ls and Ds was given
by Ls=1.1xDs+3.12 cm. These equations were used for the estimation of Ld and Ls from the echo-
cardiographically determined Dd and Ds.
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Echocardiographic left ventricular volume was calculated by three methods—(1) formula V=D3,
(2) V=x/6 D2L, where L was directly measured by echocardiography, (3) V=x/6 D2L’, where L’ was
calculated from the echocardiographically determined minor axis dimension using regression equations
described above. Angiographic left ventricular volume was calculated by area-length method. Echo-
cardiographic left ventricular volumes by the three methods were compared with angiographic estimates,
respectively.

Although favorable correlations were obtained between echocardiographic estimates by these three
formulas and angiographic estimates in EDV and ESV, in the presence of enlarged left ventricle where
Dd exceeded 6.5 cm, formula V=D?3 had a tendency to overestimate the volumes through overestimation
of the major axis dimension. This tendency was correscted by formula V=z/6 D2L or V=x/6 D2L’,
and the former (direct echocardiographic determination of the major axis) showed the best correlation
with the angiographic estimation (r=0.979, y=0.98x—5 for EDV).

A less but significant correlation was also obtained between echocardiographic and angiographic
estimates of ejection fraction, and the correlation was not improved by direct or indirect measurement
of major axis dimension.

Direct measurement of L. was not achieved in 18 of 32 cases because of difficulties either in the
determinatin of endocardial echo of the apical wall or in identification of the mitral ring echo.

These data indicate that in cases with markedly enlarged left ventricle, the use of formula V=
=[6 D2L (L is given either directly or indirectly) is a more accurate predictor of volumes than formula
V=Ds.

Indirect determination of L from echocardiographic D is a simple and practical method when direct
measurement is difficult to be achieved.

Key words
Echocardiography Left ventricular volume Long axis
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Fig. 1. Echocardiographic measurements of the minor and major axis dimensions of the

left ventricle.

Minor axis dimension was measured by the conventional method. Major axis dimension was deter-
mined with the transducer placed near the apex beat directing to the base of the heart. The distance
between the endocardial echo of the apical wall and the mitral valve ring echo was assumed as the

major axis.

Dd: end-diastolic minor axis dimension, Ds: end-systolic minor axis dimension, Ld: end-diastolic
major axis dimension, Ls: end-systolic major axis dimension, IVS: interventricular septum, PW:
posterior wall, AW: anterior wall, MVR: mitral valve ring.
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Table 1. Ages, diagnoses, echocardiographic and angiocardiographic measurements
Cineangiography
Case No. Age Sex Dd Ld Ds Ls EDV ESV SV EF Dd Ld Ds Ls
cm cm cm cm ml ml ml % cm cm cm cm
1 44 F CHD 5.1 9.0 1.9 5.3 123 10 113 92| 4.8 8.6 2.7 6.2
2 48 M VD 5.4 10.0 2.5 7.6 153 25 128 84| 5.5 9.7 3.3 7.0
3 34 F VD 58 7.8 3.3 7.0 137 40 97 69| 5.5 8.0 4.0 6.3
4 22 F VD 6.2 11.1 39 7.6 223 61 162 73| 6.3 10.7 4.7 7.7
5 39 M CCM 7.8 12.0 6.2 11.2 382 226 156 41 7.8 9.5 6.6 8.2
6 19 F VD 8.2 10.0 5.7 7.7 352 131 221 63| 7.8 10.5 5.0 7.2
7 27 M VD 8.4 12.9 6.2 10.9 476 219 257 54| 8.3 12.9 5.7 10.0
8 57 M VD 8.1 11.9 56 9.6 409 158 251 61 8.0 12.8 5.0 9.0
9 22 F VD 7.1 10.3 5.0 7.9 272 103 169 62| 7.0 10.3 4.7 7.7
10 65 M CCM 6.6 11.7 5.3 10.1 267 149 118 4| 7.3 10.2 6.3 9.4
11 27 M VD 8.2 11.8 6.3 10.8 415 224 191 47| 8.2 12.3 5.8 9.8
12 17 F VD 7.6 11.4 5.2 99 345 140 205 59| 7.2 12.0 5.2 9.2
13 25 F VD 7.1 9.9 4.2 8.0 261 74 187 72| 6.8 10.0 4.2 6.2
14 62 M CHD 6.0 9.3 4.5 8.6 175 91 84 48| 5.8 9.2 4.2 7.7
15 41 F VD 49 8.0 29 6.4 101 28 73 72| 4.8 3.2
16 54 F VD 6.0 9.5 4.3 7.2 179 70 109 61 6.2 3.8
17 26 M VD 6.0 10.9 3.6 8.1 205 55 150 73| 6.2 4.5
18 54 M CHD 4.8 8.4 2.7 5.4 101 21 80 79| 4.5 2.7
19 45 M VD 6.9 12.5 5.4 9.3 312 142 170 54| 7.0 5.2
20 39 F VD 7.3 84 4.6 6.6 234 73 161 69| 6.8 4.5
21 33 F VD 56 9.8 4.3 8.4 161 81 80 50| 5.5 3.7
22 50 M VD 6.7 9.8 5.1 8.1 230 110 120 52| 6.8 5.7
23 24 M VD 6.6 9.5 4.2 6.4 217 59 158 75| 6.2 4.2
24 59 F VD 4.1 6.6 2.6 5.9 58 21 37 63| 4.0 2.5
25 38 F VD 6.4 10.7 4.6 8.5 229 95 134 59| 6.3 4.3
26 45 F CHD 57 7.3 4.1 5.5 124 48 76 61 5.3 3.5
27 30 M VD 6.8 10.0 4.7 8.4 242 97 145 60| 6.9 4.2
28 32 M VD 8.1 11.1 5.5 7.7 381 122 259 68| 7.8 5.7
29 62 M CHD 49 8.8 3.0 6.3 111 30 81 73| 4.8 3.2
30 24 F VD 6.9 10.5 4.0 8.0 262 67 195 74| 6.3 3.9
31 29 M CHD 6.2 9.7 4.2 7.6 195 70 125 64| 5.6 3.6
32 48 M VD 59 11.2 3.6 7.5 204 51 153 75| 6.0 3.8

Dd: end-diastolic minor axis dimension, Ds: end-systolic minor axis dimension, Ld: end-diastolic major axis dimension,
Ls: end-systolic major axis dimension, EDV : end-diastolic volume, ESV: end-systolic volume, SV : stroke volume, EF :

6

ejection fraction, V(D?): echocardiographic estimate by formula V=D?, V(EDzL
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of left ventricular dimensions, and estimates of left ventricular volumes

Echocardiography
EDV EDV EDV ESV ESV ESV SV SV EF EF EF
(D% (=/6 D?L) (our method) (D3)(x/6 D?L) (our method) (D“) (/6 D?L) (our method) (D®) (z/6 D2L) (our method)

IIT, IOTI IOI;I z(r)n ! ZTI 2?1 9Tl 71;1 731[ 8;A) % %
166 154 144 36 40 39 130 114 105 78 74 73
166 127 144 64 53 63 102 74 81 61 58 56
250 222 206 104 89 96 146 133 110 58 60 53
474 302 363 287 187 237 118 115 126 29 38 35
474 334 363 125 94 113 349 240 250 74 72 69
572 465 429 185 170 160 387 295 269 68 63 63
475 408 389 157 137 113 318 271 276 76 75 71
343 264 272 104 89 96 239 175 176 70 66 65
389 285 304 250 195 210 139 90 70 36 32 25
551 433 415 195 173 167 356 260 248 65 60 60
373 326 293 141 130 125 232 196 168 62 60 57
314 242 252 85 62 71 229 180 181 73 74 72
195 162 167 72 71 72 123 91 95 63 56 57
11 102 33 35 78 67 70 66
238 197 55 55 183 142 77 72
238 197 91 86 147 111 62 56

91 87 20 23 71 64 78 74
343 272 141 125 202 147 59 54
314 252 91 86 223 166 71 66
166 14 51 52 115 92 69 64
314 252 185 160 129 92 41 37
238 197 74 71 164 126 69 64

64 64 16 19 48 45 75 70
250 206 80 76 170 130 68 63
149 131 43 45 106 86 71 66
329 262 74 7 255 191 78 73
475 363 185 160 290 203 61 56
i11 102 33 35 78 67 70 66
250 206 59 59 191 147 76 71
176 151 47 48 129 103 74 68
216 181 55 55 161 126 70 70

V= %DzL, where L was measured directly by our method: echocardiographic estimate by our method V= %D’L‘, where
L’ was indirectly determined from echocardiographic D, VD: valvular heart disease, CCM: congestive cardiomyopathy,

CHD: coronary heart disease.
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iRt UCGrtEERREAETEZDIT 14
FlTh ot
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3t LNk (Fig. 2)

EEIE K % Dd 13 r=0971, ERFR
y=098x (y: UCG ic X 31#, x: EEEFEIC
X 3fE) oRVvHHEEERL (Fig. 2-A), Ez=IX
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0.8 mB\#HE % ;R L7 (Fig. 2-B). mHE L b
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2. £ Ld, Ls ® UCG L EES&EZEDLE
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LR RHIRE Ld 3 r=0819, mEFEX y=
0.89x+1.0 (Fig. 3-A), UtiEk#IER Ls i3 r=
0.864, [EIFE y=0.67x+22 (Fig. 3-B) Lt Bv
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(Fig. 4)
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iz, Ld=0.97Dd+3.8 (r=0.714) o @%E»dH
v, IHERHER Ls LIUGERHIER Ds o
izit, Ls=1.10Ds+3.1 (r=0.808) wB%» b -
7z.

4. UCGILLPEERE L EEERICLD BRLED

w# (Fig. 5~8)

UCG i X 3 EZERRIZ, 2&n3 LBk

BTHEH L. @ V=D ® UCG TEERE
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Fig. 2. Echocardiographic and angiocardiographic correlation of the left ventricular end-
diastolic minor axis dimension (Dd) and end-systolic minor axis dimension (Ds).
The solid lines show the least square fit of the data between echocardiographic and angiocardio-

graphic determination.
y=0.98x, r=0.971, p<0.001 for Dd.
y=0.82x+0.8, r=0.895, p<0.001 for Ds.
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Fig. 3. Echocardiographic and angiocardiographic correlation of end-diastolic and end-

systolic major axis dimension (Ld and Ls).

Regression equation for echocardiographic against angiocardiographic measurement is given by
y=0.89x+1.0 (r=0.819, p<0.001) for Ld and y=0.67x+2.2 (r=0.864, p<0.001) for Ls.

Ld. Ls.
cm cm
15 154
Ld=0.97Dd +3.8 Ls=l1.0s+3.1
10- 10
r=0.714 r=0.808
51 P<0.00! 51 P<0.001
T T T
5 10 cm 5 10 cm
Dd Ds
A B

Fig. 4. Correlation of angiocardiographic major axis dimension (L) and minor axis dimen-

sion (D) (our method).

A. Correlation of end-diastolic major axis dimension (Ld) and minor axis dimension (Dd).

Re-
gression equation is given by Ld=0.97 Dd+3.8 (r=0.714, p<0.001).
B. Correlation of end-systolic major axis dimension (Ls) and minor axis dimension (Ds). Regres-
sion equation is given by Ls=1.1 Ds+3.1 (r=0.808, p<0.001).
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Fig. 5. Echocardiographic and angiocardiographic correlation of end-diastolic volume
(EDV).

A. Echocardiographic EDV is calculated by formula V=D3. Regression equation for echo-
cardiographic estimate is given by y=1.30x—26 (r=0.976, p<0.001).

B. Echocardiographic EDV is calculated by formula V=7/6 D?L where L is measured directly.
Regression equation for echocardiographic estimate is given by y=0.98x+5 (r=0.971, p<0.001).

C. Echocardiographic EDV is calculated by our method, V=7/6D?L’, where L'’ is given by formula
Ld=0.97Dd+3.8. Regression equation for echocardiographic estimate is given by y=0.94x+4 (r=
0.980, p<0.001)

ESVI(D3) ES V(weoi) E SV (our method)

°
*1.04x+5
' ECHO ECHO

mi

ECHO °
mi

2001 y-0.82x +|s/

y=0.73x+22
.

100 100 P<0.00! 100
r-0.884
P<0.001
(
100 200 m 100 200 m 100 200 mi
ANGIO ANGIO ANGIO

Fig. 6. Echocardiographic and angiocardiographic correlation of end-systolic volume
(ESV).

A. Echocardiographic ESV is calculated by formula V=D3. Regression equation for echo-
cardiographic estimate is given by y=1.04x+5 (r=0.889, p<0.001).

B. Echocardiographic ESV is calculated by formula V=z/6 D?L where L is measured directly.
Regression equation for echocardiographic estimate is given by y=0.73x+22 (r=0.925, p<0.001).

C. Echocardiographic ESV is calculated by our method V=z/6 D?L’ where Ls is given by
formula Ls=1.1 Ds+3.1. Regression equation for echocardiographic estimate is giver: by y=0.82x
+15 (r=0.884, p<0.001).
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Fig. 7. Echocardiographic and angiocardiographic correlation of left ventricular stroke

volume (SV).

A. Echocardiographic left ventricular volume is calculated by formula V=D?3.

Regression

equation for echocardiographic estimate is given by y=1.38x—22 (r=0.880, p<0.001).
B. Echocardiographic left ventricular volume is calculated by formula V=z/6 D?L where L is
measured directly. Regression equation for echocardiographic estimate is given by y=1.32x—56

(r=0.945, p<0.001).

C. Echocardiographic left ventricular volume is calculated by V=z/6 D?L’, where L’ is obtained

by our method (Ld=0.97Dd+3.8, Ls=1.1Ds+3.1).

Regression equation for echocardiographic

estimate is given by y=0.98x—7 (r=0.887, p<0.001).

L #figL, V=r/6DL ooXzHViLD, ©
LE 3 cEBERICTROEREL L& D
D% (Ld=097Dd+3.8, Ls=1.1Ds+3.1) %
v, UCG oG D X v ER L' &kw,
V=r/6 DL’ o % Fvizcbd. zhbobtk
izt v EDV, ESV, SV, EF 2&EHL .

1) EDV (Fig. 5)

UCG o V=D3 ooxXic X 3 EDV L E£x=E
kb0 koL, r=0976, y=1.30x—
26 DR \AEE 2B, UCG 0i3 o> B EEEY
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2) ESV (Fig. 6)

UCG o V=D2 oRick 3 ESV L Ex=%EE
Loz, r=0889, y=104x+5 oFaEE%
wL, UCG 03 pnESEEREIELTKEY
fEIAIC & - 7= (Fig. 6-A). UCG o REBEH RE
ik 3 ESV L E=ERE L oBuL, r=0925,
y=0.73x+22 ¢ UCG nfEDIZ 5 /& W H[A
2% -1 (Fig. 6-B). UCG o V=z/6 DL’ o
Rick VR 7z ESV L ExmERE L & ik
5L, r=0884, y=082x+15 L EEAENAX
v xiz, UCG miz ) BESEFEICHEL TR
X< BaEMICH - 2 (Fig. 6-C). v Fh
01% LLTOBREBETHEETH > /2.
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Fig. 8. Echocardiographic and angiocardiographic correlaion of left ventricular ejection

fraction (EF).

A. Echocardiographic left ventricular volume is calculated by V=D3,

Regression equation for

echocardiographic estimate is given by y=0.65x+25 (r=0.631, p<0.001).
B. Echocardiographic left ventricular volume is calculated by V=z/6 D2L, where L is measured
directly in from the echocardiogram. Regression equation for echocardiographic estimate is given by

y=0.66x+21 (r=0.742, p<0.01).

C. Echocardiographic left ventricular volume is calculated by V=7=/6 D?L’ where L’ is obtained by

our method (Ld=0.97Dd+3.8, Ls=1.1Ds+3.1).
is given by y=0.63x+22 (r=0.628, p<0.001).

3) SV (Fig. 7)
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4) EF (Fig. 8)
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Regression equation for echocardiographic estimate
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Fig. 9. Comparison of left ventricular end-diastolic volume (EDV) calculated by different
methods against end-diastolic minor axis dimension (Dd).

The open circles with solid line represent echocardiographic estimate by formula V=D3; the open
triangles with solid line represent echocardiographic estimate by Gibson’s formula V=z/6 D? (0.98D
+5.9); x with solid line represent angiocardiographic estimate; the closed circles with solid line re-
present echocardiographic estimate by V=r/6 D?L where L is measured directly by the echocardiogram;
closed triangles with dotted line represent echocardiographic estimate by our method V=z/6 D?
(0.97 Dd+3.8); small closed circles with dotted line represent echocardiographic estimate by Teich-
holz’s formula V=[7/(D+2.4)]D3; solid straight line represents echocardiographic estimate by

Fortuin’s formula EDV=59Dd—130.

Best correlation with angiocardiography in EDV is obtained by V =z/6 D?L where L is determined
directly by echocardiography and by our method. The formula V=D?3 and that of Gibson overesti-
mate, while formula by Teichholz and Fortuin underestimate the EDV when Dd exceeds 6.5 cm.
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