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A: Homogeneous Torso Model
B: Artificial Current Dipole
C: 3 Way Cathetometer

Fig. 1 Experimental equipments.
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XY, No.l © 165  11.5
pri ey 2: 165 95
3: 165 715
4: 165 55

Fig. 2 Four types of elliptical cylinder
(cross section). The No. 2 elliptical
cylinder coincides with the fifth inter-
costal space level of the human torso
model in depth and width.
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Frank system

Fig. 3 Lead points of Frank system.
A : In the fifth intercostal space level
on the left midaxillary line. I : In the
same level as A on the right midaxillary
line. E :In the same level as A on the
front midline. C : In the same level as
A at an angle of 45 degrees to front
from X axis. M : In the same level as
A on the back midline. H : At the back
of the neck. F : On the left leg. ’

Kimura system
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Fig. 4 Lead points of kimura system. :

1 : In the second intercostal space on
the right midelavicular line. 2 : In the
same level as 1 on the midline between
the léft midclavicular line and the left
anterior axillary line. 3 : On the same
perpendicular line as 2 at the point of.
d/2 below the apex lebel. 4 : At the
point just behind of 2.
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Table 1 Relative Transfer Impedance of Frank Lead System & Kimura Lead System

Lead Strength Per cent Azimuth (H°) Elevation (V°) .
ea "Mean  S.D. S.D. (%) Mean S.D. Mean S.D.
Frank X
Torso 648 23 3.5 47 0.3 4.7 2.1
Ellip. cyl. No. 1 621 26 4.2 44 05 93.4 3.5
2 669 30 4.4 10.9 10 95.0 2.4
3 841 60 7.1 8.0 2.0 9%.8 3.9
Frank Y 4 1296 165 12.7 12.9 5.4 9.9 7.0
Torso 673 31 4.6 -95.8 14.2 13.9 3.3
Ellip. cyl. No. 1 548 14 2.6 —96.5 14,7 8.5 1.9
2 646 19 2.9 — 1169 7.3 9.1 18
3 825 41 5.0 - 105.9 4.2 13.2 3.1
Frank Z 4 1084 55 5.1 - 1145 6% 121 3.7
Torso 495 85 17.2 - 762 0 87 97.2 3.8
Ellip. cyl. No. 1 413 34 8.2 81.6* 5.6 96, 4 4.5
2 464 46 9.9 8.2 1.0 9%.1 3.8
3 705 75 10.6 69.5 7.1 97.2 3.7
4 1323 302 92 8 56.2 11.2 949 9.4
Kimura X
Torso 334 47 14.1 L1 0.4 107.0 5.3
Elip.cyl.No. 1 232 34 14.7 2.3 14 107.3 5.7
2 256 37 14.5 0.2 11 107.8 5.7
3 322 44 13.7 - 24 0.6 107.6 5.5
Kimura Y 4 465 66 14.2 0.7 0.4 108.5 5.2
Torso 859 45 5.2 142.4  86.8 29 21
Ellip. ‘cyl. No. 1 778 43 5.5 5.7 5.7 6.0 4.8
2 863 46 5.3 - 83 1.3 56 4.1
3 1026 45 4.4 —20.5 24.4 5.3 4.0
Kimura Z 4 1378 69 5.0 — 1470 32,0 49 3.9
Torso 67 16 24 82.0 3.9 12.4 9.1
Ellip. cyl. No. 1 91 18 20 8l.4 3.7 3.1 7.0
2 53 13 25 8.4 47 116.8 8.9
3 26 7 27 83.0 4.2 116.4  10.8
4 10 3 30 3.1 8.2 110.4 9.2
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Fig. 5 Positions of the artificial current
dipole. (B-1)point coincides with the
heart center of human body.
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Frank Lead System Azi Qulh Elevaticm
X

(Lead

Frank
Torso
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-90"
Kimura
X
180" 0
I ’ ;
||
Z
+90

Fig. 6 Strength of each component of
transfer impedance on the leads. Their
averages are indicated as length of bars
when artificial current dipole were plac-
ed a defferent 15 positions.

Fig. 7 Directions of transfer impedace.
Their mean values and standard devi-
ations are shown in Table 1. Azimuth
of transfer impedance of Y lead are not
indicated because it was too little.

Note in Frank system, according to
shortening of longitudinal diameter of
the elliptical cylinders, included angles
decreased. On the other hand, in Kimura
system, they have scarcely affected by
the type of elliptical cylinder, and ele-
vation of transfer impedance of X and Z
leads deviated to upward about 15 degrees
in comparison with Frank system.
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SEMULTW A, Z FEOZNE, FIREDORD & Frank JXTit, COEXMR, SBURRFTH
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D) REA ¥ 52 2 OELHEICINT 7, HMSEOBDT 3 I, X, Z BEEES
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DEDERS L E—F o A0BKREERLEIIEL
bOTHB,

Frank BBIZBWTIE, X, Y, ZFEHEE i, (A
_3) CEA v C— &L RDKE S ML, (C-
5) THA U WAk, (A—3) THD, (C—
5)CHEIMERb S 5. T Mtk U TARNEEDEE

Table 2 Transfer impedance in relation to dipole positions and elliptical cylinders. The
values were obtained when positions of artificial current dipole were changed
as indicated next (B-1): heart center, (A-3): displaced to left-upward from
heart center, (C-5): displaced to rigth-downward from heart center, as shown
in Fig. 5.
Lead Strength Azimuth (H") Elevation (V°)
= (B-1)(A-3) (C-5)  (B-1)  (A-3)  (C-5) (B-1) (A-3) (C-5)
Frank X
Ellip. cyl. No. 1 100* 105 94 4.2 4.6 4.1 94.0 88.2 95.6
2 107 112 103 10.9 12.9 9.2 9.7 92.1 96.3
3 134 138 128 8.2 11.2 5.4 9.9 87.2 97.1
Frank Y 4 209 215 183 13.5 21.4 7.4 9.0 8.7 9.0
Ellip. cyl. No. 1 87 88 86 — 105.6 — 111.1 — 101.4 8.5 6.3 10.3
2 103 107 100 - 113.7 — 121.0 — 114.8 8.9 7.3 10.6
3 132 136 125 — 106.0 — 112.1 —98.8 13.3 10.3 15.4
Frank Z 4 172 180 164 - 113.1 — 1240 — 101.8 123 89 145
Ellip. cyl. No. 1 66 72 59 81.5 78.6 88.7 97.8 94.4 98.5
2 74 83 65 78.4 75.2 86.0 96. 8 88.5 95.7
3 114 122 95 69.2 68. 2 78.7 96.9 90.1 96.7
4 213 254 145 54.4 64.2 62.6 94.9 78.5 98.6
Kimura X
Ellip. cyl. No. 1 100** 122 81 2.4 0.2 4.4 107.4 115.7 98.0
2 13 134 90 0.7 1.9 — 0.6 107.6 116.9 98. 6
3 142 168 115 — 2.4 — 18 - 2.7 107.3 116. 4 98.9
Kimura Y 4 202 244 161 —0.2 —05 — 0.8 1081 116.6 100.8
Ellip. cyl. No. 1 337 365 307 17.0 10.3 17.7 6.3 0 10.9
2 374 405 341 11.8 —-14.0 —11.0 5.7 0 9.9
3 444 481 414 - 7.0 =425 2.9 5.7 0 9.2
Kimura Z 4 59 650 546 — 165.3 —110.7 — 1724 51 0 8.9
Ellip. cyl.No. 1 39 53 28 81.7 ' 81.2 81.5 113.5 115.5 111.6
2 23 34 16 81.3 =~ 82.3 81.1 117.3 119.3 116.3
3 11 17 7 85.0 8.0 81.9 115.5 120.4 116. 4
4 4 7 3 32.0 42.3 26.6 113.0 121.2 98.5
( ) :dipoie position * absolute value : 625 ** absolute value : 231
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Studies on vectorcardiography
Part I. Basic studies on vectorcardiography by Kimura system
with special reference to Frank system
Masahiro NAKAGAWA
The First Department of Internal Medicine, Okayama University Medical School,
Okayama, Japan

(Director: Prof. Kiyowo Kosaka)

Using a human torso model which had been made up with reference to normal stature of
Japanese adult male and using four types of elliptical cylinder model which have different
longitudinal diameter, Kimura system and Frank system were studied from the standpoint of
transfer impedeance, and following results were obtained.

1) In Kimura system, elevation of transfer impedance of X and Z leads deviated to upward
about 15 degrees in comparison with the latter. Nevertheless, the former’s orthogonality was
maintained relatively well, and have been scarcely affected by the type of elliptical cylinder.
2) In Frank system, according to narrowing of longitudinal diameter of thorax, orthogonality
of X and Z leads became worse and included angles of their transfer impedance became narrow.
3) In Kimura system, the ratio of transfer impedance of X to Y leads was about 1:3 in each
model, therefore, frontal plane vectorcardiogram of Kimura system could be useful for diag-
nosis of cases whose heart-electromotive forces change vertically.

4) Much axis deviation could not be caused by the changes of position of artificial current
dipole and longitudinal diameter of the thorax.



