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I n our previous article,” we stated that one VCG system (specifically SVEC-II) can be 
more or less adapted to another (specifically B1W4”) by means of an appropriate change 

in the positioning of the electrodes. The extent to which it was possible to make the former 
system conform to the latter, however, was not satisfying. Therefore, we decided to revert 
to the second method in which such an adaptation can be realized, viz., that of altering the 
set of coefficients whereby the leads are multiplied in the linear functions giving the com- 
ponents of the heart vector. 

If two VCG systems K and L are completely identical, the coordinates of any two ran- 
domly chosen corresponding points in loop K and loop L will be identical : 

We understand “corresponding points” to be isophasic, i.e., they are temporally coinci- 
dental in the cardiac cycle. In case the systems in question differ, one can attempt to de- 
termine by which function the coordinates of a general point of L can be transformed into 
the coordinates of its isophasic point in K. In an earlier publication,3 we applied a graphic 
approach to this determination; at present we shall give a numerical treatment to the prob- 
lem. Assuming that the electrical action of the heart can be described as that of a stationar) 
dipole, one can prove that a transformation, as mentioned above, can be represented hs 
such a system of linear equations, that each coordinate of a general point K becomes ex- 
pressed in all the coordinates of an isophasic point L: 

xlc= prxL+ qzk'r,+ rzzr. 

YfT = p,xr, + ql/Yr. + r,Zr. 
ZK = pzx, + qz yr. + rzzr, 

(1) 

In this system there are nine coefficients p, . . . . rz, which are dimensionless quanti- 
ties that are dependent on the directions of the coordinate axes. These are not vector, but 
tensor components. They are the unknowns in formula (1). The values XK, YK, ZK, and 
X1., YL, ZL are knowns, because they can be determined by measuring the coordinates of 

From the Department of Medical Physics, Physics Laboratory of the University of Utrecht. Utrecht. Netherlands. 
A part of the data for this article was already presented at the Eintboven Symposium, Leyden. 196O.l 
Received for publication April 2, 1962. 

666 



Comj!womisc in vcctorcardiography. II 667 

a given pair of isophasic points Ii and L. Given a point in loop K, the isophasic point in 
loop L can be pointed out with sufficient accuracy if one considers characteristic irregu- 
larities present in both loops and makes use of time-markings. Thus, one gets three equa- 
tions with nine unknowns. In order to obtain the unknowns from the equations, six other 
equations are necessary, which can be acquired by measuring the coordinates of a second 
and a third pair of points K and L. In this manner the complete set of transformation equa- 
tions is secured for one individual from three measured pairs of points. 

If this transformation were found to satisfy other random pairs of points K and L in 
the same individual, this would only make plausible in a single individual the basic assump- 
tion concerning the stationary dipole. As to the validity of this “individual tvansfornzatio~a” 
for other individuals, it would hardly be likely that a transformation calculated for one in- 
dividual would best fit any other individual. It is necessary, therefore, to study a sufficiently 
large number of cases and to calculate an “average transformation,” i.e., that transformation 
which gives, on the average, for each individual case the best possible result. Such trans- 
formation formulas could be made available for every existing combination of two systems 
of VCG. Tn this way it would be possible to bring about an optimal approximation of any 
one system to another, while maintaining the characteristic electrode positioning of each 
system. Complete identity of two systems appears if, in formula (l), the transformation 
coefficients on the diagonal pz = qU = rz = 1, while the other coefficients all are equal to 
zero. Thus, the mathematical transformation may give an impression of the extent and 
manner of deviation or agreement between two systems. Moreover, an accurate mathe- 
matical formulation of the extent of this agreement can be derived, using the nine coef- 
ficients. The results of such an exact mathematical treatment will be compared with the 
subjective evaluation on the basis of clinical criteria. 

Material and instrumentation 

The four systems that we have investigated have in common the fact that they are all 
based on a rational physical foundation. These are the systems proposed by Burger and 
associate2 (B1W4”), Schmitt and Simonson (SVEC-III), Frank5 and McFee and Parungao,fi 
which will be referred to by the letters B, S, F, and M, respectively. 

McFee’s system was not yet published at the time this investigation was made. We received the pertinent 
data through personal communication. After our data were collected and elaborated, we received word that 
the author had made several alterations in his system. As far as numerical changes were concerned, these were 
easily accounted for in the calculations. There were also alterations made in electrode arrangement, but these 
could not be considered in this study, because the clinical measurements had already been made. We placed 
the triangular set of precordial electrodes in such a way as to enclose the heart, instead of placing the triangle 
with its geometrical center above the heart’s center of gravity. In practice this hardly leads to an appreciable 
difference in positioning. The electrodes on the left side were placed 2.5 cm. cranially and caudally to the level 
of the geometrical center of the precordial triangle, instead of 5 cm. as is now recommended. Experience has 
since shown that these changes have but little effect on the configuration of the vectorcardiogram. 

The axial directions are those commonly used in vectorcardiography: X = right-, 
left+ ; Y= cranial-, caudal+ ; 2 = ventral-, dorsal+. 

The vectorcardiograph was constructed in our laboratory.’ The instrument has four 
channels, making it possible to take up four leads without using an external network. The 
F-system would require the use of five channels if the projections were recorded one after 
another, and six channels if recorded simultaneously. In this system, therefore, an external 
network was necessary; the network was kept as simple as possible by accepting the limi- 
tation of successive recording of the projections. In the case of the other systems, however, 
horizontal and frontal projections were simultaneously photographed from two cathode-ray 
tubes. Thus, to the deflection plates of the oscilloscopes are simultaneously applied the X 
(two times), Y and 2 components of the vector. Each component can be composed as a 
linear function of four contributing voltages-one per channel-since each channel pos- 
sesses four outputs-one for each component (X two times). The output voltages can be 
regulated with potentiometers and sign switches, thus allowing the setup of the appropri- 
ate lead-coefficients for each vector component. To this purpose, four separate panels, each 
containing sixteen potentiometers with their sign switches, have been added to the instru- 
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ment. On each panel the potentiometers can be preset to the coefficients of a different sys- 
tem. The four different panels can be connected consecutively by means of a selector switch; 
this avoids time-consuming adjustment of the potentiometers between the recordings of 
the individual systems. The placement of the electrodes of all four systems on the patient’s 
body is also made beforehand, in so far as possible. By means of these arrangements it is 
possible to reduce to about 20 minutes the time necessary for examining one patient with 
four systems. 

A total of 169 persons was examined: 41 normal subjects (9 children under the age 
of 12 years) and 128 patients with heart disease (33 under the age of 12 years). 

Method 
As said above, to calculate the transformation in one individual, for each component 

of the heart vector three equations of the type: 

XK = PAL + &yL + YzZL (la) 

are required, necessitating three pairs of points K and L. If more than three equations are 
supplied (by measuring more than three pairs of points), the unknowns become overde- 
termined. To solve the equations in such a case, use can be made of the method of least 
squares. There is, indeed, no objection against increasing the number of equations. In our 
case, instead of determining a transformation per individual and calculating an average 
transformation therefrom, we preferred to pool the equations pertaining to each component 
of the vector, from all subjects. Then, a single calculation was carried out to find the desired 
“average transformation,” employing the above-mentioned method of least squares. More- 
over, the number of pairs of isophasic points per individual was not limited to three but 
five were measured, since by using a greater number of points the loops become better de- 
fined and the total number of equations is increased. In this manner the average transfor- 
mation can be calculated with greater accuracy. Thus, for each vector component 84.5 
equations (169, the number of subjects, X 5) were procured, from which the coefficients 
p, q, and r had to be solved as unknowns-a total, therefore, of 2,535 equations for all three 
of the vector components. For these calculations a simple electric calculator was utilized. 

The points were all taken from the QRS complex, since it is difficult to identify iso- 
phasic points on the P or T loops. Therefore, one could object that the transformations 
obtained are not valid for the P or T loops. In order to check this, transformations were 
calculated using a limited number of points obtained from the T complex. These transfor- 
mations fitted in satisfactorily with those previously calculated for the QRS comples. 

The method of least squares supplies the following so-called normal equations for the 
transformation coefficients of formula (la) : 

s x,x, = pz2xL2 + q,sxLYI, + r,zXLZL 

2 xKIiL= &zYLxL+ &~YL’+ r,ZYLzL 

s XKZ, = pzZZLXL + qzSZLYL + 7,ZZL2 
(21 

Herein the Z signs signify the sums of the values of X,X,, XL’, XLYL, etc., from all 845 
equations. Similar normal equations can be formulated for the transformation coefficients 
p,, qy, ry, and p,, qz, rZ of the Y and the 2 components of the heart vector. From these three 
sets of equations the values of pr, qz, rZ, py, qu, rz/, and PI, qz, rZ can be calculated and substi- 
tuted in formula (1). At this point the average transformation of system L into system K 
is known. As it were, a new VCG system L+K is gained, identical to L with regard to elrc- 
trode positioning, but having, on the average, the configuration of K. For this system, 
formula (1) is written in the form: 

~yL-)k. = p,(L+K$L + qz(L+K) I.‘L + rz(L--‘K$L 

Y-L-K = py(L+K$L + &,(L+K) YL + rg(L--‘K)ZL 

ZL--‘K = p&L-K&L + qr(L+K) YL + Yz(L-‘KjZL 

(3) 

The notation P=(L+K) . . . rs(L--fK) indicates that these coefficients are now knowns, 
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and are valid for the transformation L+K. The standard errors in pz(L-+K) . . . . . . 
rZ(~+K) can also be calculated. 

Transformations and standard errors were in this way determined for four independent 
relations between the four VCG systems under investigation, viz., B-+M, B-+F, M-F, 
and M-5, and their reverses. 

The reader is referred to the usual textbooks for a treatment of the method of least squares and of the 
calculation of standard errors in this method. It must be pointed out here, however, that it is incorrect to use 
a primarily found relation, e.g., B -tM, to calculate its reverse, M-tB. This may be shown for the one-dimen- 
sional case (points on the X axis): if a number of points XK and XL be given and the general point XL is to be 
transformed to XK by means of the formula XC,,) = pC~-+~)X~, then p is found, using least squares, from the 
equation: 

s X1;XL = P(L-‘li) z XL2 

The reverse transformation XK+L = ~(K+L~XK gives the equation: 

z XLX, = p(,+,, z i&Z 
1 

It is seen that ~0,) # p. For analogous reasons it is not permitted to calculate two relations, e.g., 
Pv+a 

B--tM and B+F, and then derive the third, M-+F, secondarily from these. Therefore, any transformation 
between any two systems must be calculated independently and directly from the measured values of the co- 
ordinates of the points, using a set of formulas of the type of formula (2). 

In the course of the investigation it became apparent that S was in very good agree- 
ment with M and F (see page 675). For this reason and because it is technically the more 
complicated system, we felt justified in discarding it in the future. To cut down on the 
already large amount of arithmetical labor, we also decided to omit the calculation of the 
BtsS and F%S transformations. 

As stated in the introduction, it is now possible with the aid of the transformations 
obtained to quantitatively formulate the degree to which two VCG systems K and L differ. 
Since a transformation is constructed to bridge the difference between two systems, the 
transformation is in itself a measure of this difference. The transformation, in turn, is meas- 
ured by the change it effects on the system to which it is applied. So, when system L is trans- 
formed toward system K, resulting in a system L-+K, the extent of the change in system L 
is given by the average displacement undergone by the points of L, i.e., the average distance 
L-L-+K of a point of L to its isophasic point on L-+K. This distance is expressed in the 
changes of the coordinates by the well-known formula: 

(L - L-+K)” = (XL-“yXL)f + (YL+k.-- Y# + (zL+k.-z# (4) 

With the help of formula (3) the changes of the coordinates may be written in the following 
form : 

(XL3 - XL) = (Pz(L,, - 1)XL + qz(L+K) YL + r*(L+K)ZL 
( yew - YL) = py(L+K) XL + ($,(L+K, - 1) YL + y,(L+K)zL (5) 

(zL+K - ZL> = Pz(L+K) XL + qz(L+K) YL + @z(L--‘K) - 1)ZL 

Substitution of formula (5) in formula (4) gives: 

= { (P z(L+K) - 1)” + pz/(L+K)2 + pz(L+K)2 ) X2 + 

+ I czz(L’K)3 + k&L-K) - v + qz(L--*K)2 } YL2 + 

+ { rz(L+K)2 + y,(L+r$ + (y*(L+K) - 1y ) ZL2 + (6) 
+ 2 i &(L+K) (hL+K) - I) + pdL+K) (&/(L+K) - 1) + pr(L+K)qz(L+K) ) lyl,I’L. 

+ 2 1 ~z(L--*K) (Pz(L--*R) - 4 + Pw(L+K) T,(PK) + Pz(L--‘K) (Tz(L+K) - 1) ) XLZL 

+ 2 ( qr(L+K) rz(L--)K) + r,(L’K) (qy(L-?k.) - 1) + gz(L+K) (rz(L--‘K) - 1) ] YLZL 

The displacement is equal to zero if Pr(L+K) = qU(L+K) = re(~+K) = 1, while all the other 
coefficients are equal to zero. It is obvious from formula (5) that then: 

xI,+K = XL, YL--‘K = YL, zL+K = ZL 

The transformation in this case is called the identical one. Since the aim is to find a measure 



670 Burger, I,‘an Brzrmmelen, and Van IIerprn 

for the average displacement resulting from the L-K transformation, the average values of 
XL’, YL2, etc., from all measured points (expressed by 2 XL2/n, Z Yr,2/n, etc.) must be sub- 
stituted in formula (6). At this point, one could object to the fact that no scale for the dif- 
ferent systems has been given; only in system B is it stated how one can obtain the heart 
vector in absolute measure (volt cm.2).8 If two systems should happen to differ greatly in 
their sizes, then (L - L-K) would become large, without implying that a large essential 
difference was present. Therefore, it is necessary to begin by adjusting the scales of the 
different systems as accurately as possible. To this purpose the average size of the loops of 
a system was characterized by the quantity 

Taking system B as the standard of reference (because in the case of B, absolute values are 
given), we adjusted the sizes of the other systems by means of a correction factor for each. 
Furthermore, since relative measures are more pertinent than absolute ones, in place of 
the absolute length of (L - L+K), a r&dive measure b is introduced by relating (L - L-+K) 
to the corrected average size of the loops: 

From a formally mathematical point of view, a slightly different approach can be chosen to evaluate the 
change effected by a given transformation. In this procedure the transformation is applied to a sphere, instead 
of to a vectorcardiogram, and the displacement undergone by the points on the surface of the sphere is studied. 
This method postulates that all directions are equivalent (isotropism), in contradistinction to the previous treat- 
ment, wherein the directional prevalence intrinsic to the vectorcardiogram biased the average values of Xt2, 
SL I-L, etc., in formula (6) (anisotropism). The equation for a random point on a sphere is: 

x2+ y2+ p= 112 (7) 

If the points are distributed evenly on the sphere, the average values of X y2, E’2. and Z* are equal, and, thus, in 
view of formula (7), it is true that: 

;y2 = yz = 22 = f/3 R2 (8) 
l;or a given X the probability of a positive or a negative Y is identical. Therefore, XI’ will, on the average, be 
equal to zero. The same applies to XZ and YZ, hence: 

A-Y= xz= l-z= 0 (9) 

By substituting formulas (8) and (9) in formula (6) the average displacement (L-L--tK) of a point on the 
surface of the sphere is found. Again, the more preferred relative measure is obtained by relating (L-L-+K) to 
the size of the sphere. This new measure is called D: 

= D2= l/3 { (Q~‘lr~-&q vtL+K)-1)2+ (Y;(L+K)-l)2+ 
+ Pt,(L--‘K)*+ Pz(L-m2+ YrcL+Kl*+ 

+ q2(L-K)2+ r*(L+.q*+ r,(L-Io2 I (10) 

The absence of terms containing coordinates shows that D is a rotational invariant, as may be anticipated 
from the isotropism. D is also not subject to the directional preferences of the vectorcardiogram, as opposed to 
a, in which the preferential directions manifest themselves. For the identical transformation D = 0, just as 
d= 0. 

The transformation L-K is, by definition, the transformation that changes system L 
in such a way that, on the average, the loops of L adopt the configuration of those of system 
K. However, the individual results of the transformation will be scattered around the “tar- 
get,” the actual system K. As a measure for the scattering, the average distance, cr, from 
the points of LtK to their isophasic points in K is taken. The distance between a general 
pair of isophasic points can again be represented, as in formula (4), by the differences of 
their coordinates : 
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If the coordinates of L-+K are again expressed in those of L, according to formula (3), the 
result is: 

u = d ( (Pz(L~R~XL + qr(L-K) YL + rz(L--1K)ZL - LyKY + 
+ (P!lC L-K) XI, + qU(L+R) YL + ~y(L--‘K$-L - Yz$ + 
+ (P z(L--*K)xL + q;(L--*K) E’L + Y,(L+RJL - ZKY 1 

The second member is computed by substituting for XL~, XL YL, etc., the values of x XI,‘lrz, 
SXLYL/n, etc., as previously done. In order to obtain again a relative measure, n is divided 
b)r the average size of the loops; the resulting quantity is called A: 

A= 

The agreement between systems was evaluated by subjective judgment as well. The 
method, used routinely by US,“~~*~~‘~ and also applied in various forms by others,11,12 consists 
of independent evaluation by three observers who express the agreement between any two 
systems by means of a rating for the horizontal and also for the frontal projections, using a 
scale of 0 to 10. (We are aware that in this manner the X component enters twice into the 
evaluation.) For every comparison of two systems the average rating was determined from 
the total number of cases. Thus, for the four systems, six average ratings with their standard 
errors were found. 

Finally, the validity of the obtained transformation can be tested in practice. To this 
end the VCGs recorded by using the new system L -I( should be compared with those 
recorded by system K. In making L--tK vectorcardiograms, the electrode positioning of 
system L is maintained. Each vector component of L--tK is obtained as a linear function 
of the three vector components of L by using the appropriate transformation coefficient for 
each L component. Since each L component is constructed as a linear function of several 
leads, every single lead, in turn, must be multiplied by this same transformation coefficient. 
The values which in this way are determined for the leads composing each vector component 
of L-K can be set up on one of the panels of the vectorcardiograph by means of the po- 
tentiometers (see page 667). On two other panels the systems K and L can be set up. Thus 
in one patient the systems K, L, and L-+K can be rapidly taken up suc- 
cessively, to be compared afterward. The agreement between the systems is again sub- 
jectively evaluated. Improvement in the agreement as a result of the transformation will 
show itself in a higher rating for the comparison of L-+K with K, than for that of the original 
L with K. 

Results and discussion 

Initially, separate transformation formulas were calculated for various nosological 
entities, e.g., right ventricular hypertrophy due to pulmonary stenosis, atria1 septal defect, 
etc., as well as for the normal group. Since no differences became apparent the groups were 
combined. 

With the help of the equations derived from the measured points, the following trans- 
formation formulas were calculated, together with the standard errors of the coefficients: 

B+M x/j+,vf = +(0.71 f 0.013)XB + (0.22 f 0.02s) YR + (0.24 f 0.019)Z~ 
Y,, = +(0.05 f 0.007)XH + (0.97 f 0.011) YB - (0.27 f O.OfO)Z~ 
Zpqf = - (0.39 f O.OZf)X~ + (0.60 f 0.033) Ys + (0.92 f 0.030)Z8 

B+F XB-‘F = +(0.69 f 0.017)Xu + (0.33 f 0.026) Y, + (0.13 f 0.024)ZB 
Ypp = +(0.06 + O.OfO)XB + (1.05 f 0.016) YB - (0.05 f 0.0f5)ZB 
ZB+p = - (0.22 f 0.02O)X~ + (0.36 f 0.031) Ye + (0.70 f 0.028)ZB 

M+F X~F = +(0.9-r f O.O~Z)X<,I + (0.24 f 0.016) I’,[ - (0.07 f U.OfZ)Zzr 
X A-F = +(0.08 f 0.009)&r + (0.99 & 0.011) l<,f + (0.08 f 0.009)Z,,r 
Z &--‘I? = +(0.08 f 0.013)XM - (0.07 f 0.017) u, + (0.72 f O.O13)ZJ4 
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+Iy 
a b 

Fig. 1. a, Illustrates the concept of shear. The B 4F transformation for 
the 2 component is applied to a schematized B loop which lies, in this 
case, in the Y-Z plane, so that at every point Xs = 0. The loop under- 
goes a shear in the 2 direction, proportional to the distance along the 
Y axis. b, Illustrates an oblique shear. A shear in the 2 direction, pro- 

portional to the distance in the X direction, applied to the plane 0 YRX 
produces the plane OYR’X’; if proportional to the distance in the Y 
direction, it produces the plane OY’R’X. An oblique shear is propor- 
tional to the distances along the X and Y axes, and results in the plane 
0 Y’R”X’. 

Fig. 2. Horizontal, frontal, and sagittal projections 
of the vectorcardiogram of a normal individual are 
shown, recorded according to systems B, S, M, and 
F. The sagittal projections were graphically con- 
structed, utilizing the frontal and horizontal pro- 
jections in the same system. The differences char- 
acteristic of the four systems are clearly shown. 

M-S XIPS = +(0.86 f O.UlO)X~ + (0.01 zt 0.013) UM - (0.09 zt O.OlC)& 
Yj,-ts = +(O.Ol AZ 0.005)X, + (0.88 f 0.006) YM + (0.00 f O.OOS)Z, 
.2&q = +(O.Zl f 0.016)X1~ + (0.13 f 0.021) YM + (1.05 zt O.O16)& 

The reverse relations have not been presented, since the above-written formulas convey a 
sufficient impression of the connections which exist between the various systems. 
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Fig. 3. Vectorcardiograms were obtained with the B, M, and F systems as well as with the system B-trans- 
formed-to-M, and ratings were assigned to the agreement between systems. From all the ratings obtained three 
groups were singled out: Group 1, with marked improvement of the agreement between B-+M and M as com- 
pared to B and M (increase in rating by 5 or 6 points for horizontal and frontal projections combined); Group 2 
with fair improvement (2 or 3 points); and Group 3, with negative result (in no case exceeding minus 1 or i 
points). Examples, randomly picked, from Group 1 are presented in the upper row from Group 2 in the middle 
and from Group 3 in the lower row. In the vertical columns beside the vectorcardiograms the pertinent rating; 
are entered. *No ratings have been assigned to the agreement between B and B -fM, since this relation is un- 
equivocally and uniquely determined by a mathematical equation. 
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B-.M 

M 

F 
ti / 

Fig. 4. Examples of successful application of the B +M transformation in three cases: a, An atria1 septal defect 
of the secundum type; b, a case without definable abnormality (“functional” murmur); c, an atria1 septal defect 
of the primum type. 

On survey of these transformations, it is generally apparent that the Y components 
of any two systems which are being compared show good agreement, the X components 
show slightly less agreement, and the 2 components show the least agreement of all. The 
discrepancy between the Z components of the various systems is a consequence of the un- 
certainty in determining the sagittal component of the heart vector, which is caused by the 
relatively small dimensions of the human thoras in the sagittal direction. 

In the M and S systems the Ycomponents are obtained in an identical manner, follow- 
ing the authors’ instructions. The M-4 transformation for the Y component must, there- 
fore, be the identical one. The deviation from identity, appearing in the transformation 
equation, is a result of the preceding adjustment in scale which involves all three components 
and not only the component(s) causing the difference in size. In these two systems the 9 
components also show good agreement. The 2 component of S (in short: Zs) is composed 
mainlv of a numerical contribution proportional to Znl; but also to be considered are con- 
tributions proportional to the magnitudes of X,W and Y,)f. This implies that, for points close 
to the Z asis, Zs is almost equal to ZiM, but that the points of loop M undergo a greater 
displacement in the Z direction as they become increasingly distant from the zero point 
in the X and Y directions. Such a displacement, which increases proportionally with the 
distance, is called a shear (Fig. l,a). In the illustration it is assumed, for the sake of con- 
venience, that the X contribution is zero; in this case a shear parallel to the Z asis is only 
produced proportional to the distance along the Y asis. In reality, there is also a shear 
proportional to the distance in the X direction, and, therefore, the loop as a whole is subject 
to an oblique shearing (Fig. 1,b). These shears are important in all transformations con- 
cerned. 
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From the M--+F transformation it appears that system F is smaller in sagittal magni- 
tude than M; moreover, the 2 component receives a small negative contribution in magni- 
tude from the Y component of the transformed system. On the other hand, the Y component 
receives a positive contribution from the 2 component. This shows itself in the case of a 
loop directed posterocaudally; such a loop in F is directed less posteriorly and more caudally 
than in M. A representative example is given in Fig. 2. 

Since there is a good subjective agreement between M, F, and S, and since the R/1+1; 
and Mt.5 transformations point to a good measure of concordance between M and F aid 

M and S, it may be inferred that the relation E -tiS will also be a close one. On the other 
hand, the relationship between B at one side and M, F (and S) as a group on the other 
shows some disparity. The transformations B-+M and B-F present a strong analogy. The 
Y components again show very good agreement. In the transverse direction the systems J4, 
F (and S) are narrower than B when in the vicinity of the X axis, but to the extent that a 
point is more distant from the origin in the 2 or in the Y direction, the X components of 
these three systems receive a numerical contribution, proportional to Zg and/or I’B. The 
2 components receive a strong positive contribution from Ys. This means that a caudally 
directed B loop, when transformed into M, F (or S), undergoes a marked shear, directed 
posteriorly. The negative contribution from X B, moreover, causes the portion of the loop 
to the left of the origin to be displaced forwardly, and the portion to the right of the origin 
to be displaced to the rear (Fig. 2). This phenomenon is more marked for B-M than for 
B-+F. 

If the four systems are viewed globally, it can be said that M (and S) are directed more 
sharply dorsally, B caudally, whereas F tends to a mid-position, with a bias toward M and S. 

The differences which exist between any two systems were, as described, expressed 
objectively in two ways: through means of b (the anisotropic case previously defined; see 
page 669) and through means of D (the isotropic case; see page 670). The values found for 
b and D are given in Table I, together with the ratings obtained by subjective evaluation 
of the agreement between any two systems (see page 671). As can be seen from the table, 
there is a reasonable correlation between these different methods of comparison. The good 
agreement between M, S, and F can also be observed. B stands apart to some estent. At 
this point it must be noted that the systems M, S, and F rest upon the same assumption, 
viz., the electrical homogeneity of the trunk, whereas in B an important degree of inhomo- 
geneity is postulated. 

b and D are relative measures of the average displacement, i.e., the displacement 
achieved by the average transformation. In addition, individual B+M transformations 
were calculated in a limited number of cases. Here, one can calculate in the same manner 
the displacement brought about by the transformation. Since such a transformation is 
tailor-made for each separate individual case, the displacement can assume much more 
extreme values. These values can vary between zero in the case of identical loops and very 
large magnitudes in the case of complete lack of agreement (see Table II). The average of 
the values of a large number of individual displacements should yield approximately the 
average b or D calculated for the average transformation. From the foregoing it is apparent 
that an average transformation is, of necessity, a rather rough tool that is indiscriminate11 
used, regardless of the requirements of the individual case; it is applied to cases in which 
agreement is already almost perfect, producing, in consequence, entirely negative results, 
as well as to cases with an almost complete absence of agreement, in which the results have 
to be deficient. Thus, it is impossible through means of an average transformation to achieve 
complete adaptation of one system to another, or, in other words, to reach an agreement 
which would be rated 10 or close to 10. The unavoidable scattering of the results of the 
transformation around the “target” prohibits such a performance. The extent of this scat- 
tering is calculated with the help of A, as described on page 670. The values of A for 
the four average transformations are also entered into Table I. It is seen from this table 
that the scatter is of the order of about 1.5 times the displacement, so that the effect- of 
the transformation is not drowned in the scatter. It may be expected, therefore, that an 
average transformation will achieve an improvement in agreement. It is self-evident that 
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Table 1 

Transformation 
(or comparison) 

b D A 

B-+S - - 
B+M 0.35 0.50 0.44 
B-+F 0.31 0.41 0.47 
S-F - 
M-F 0.18 0.21 0.31 
M-IS 0.22 0.19 0.31 

Subjectiaje rating 

Frontal 
I 

Horizontal 

6.9 + 0.09 5.6 + 0.12 
6.9 * 0.10 5.8 + 0.10 
7.2 f 0.10 6.0 _+ 0.12 
7.6 IL 0.05 6.8 f 0.07 
7.8 rk 0.07 7.4 + 0.08 
8.8 f 0.07 7.8 * 0.07 

b and D are relative measures, defined in different ways. of the difference which exists between any two VCG systems. This difference 
equals the average relative displacement effected by the average transformation calculated for the two systems. a is a measure of 
the scattering of the results of the average transformation around the target system. In the subjective rating of the agreement 
between two systems, use is made of a scale of 0 to 10. 

in the cases in which individual transformations are applied, the scattering of the results 
around the target will be much smaller. That the extent of the scattering in these cases is 
insignificant is illustrated in Table II. 

The previous theoretical reasoning can be tested in practice by applying a transforma- 
tion to a system and comparing the result with the target system (see page 671). For 
this test the B--+M transformation was chosen. Vectorcardiograms were made on 136 
persons, utilizing the B, M, and B-+M systems. The subjective evaluation of the agree- 
ments yielded the ratings shown in Table III. Examples of the procedure are given in 
Fig. 3. From these ratings it is apparent that an improvement in agreement was gained, 
due to the transformation. The B+M system has now attained a position within the limits 
of the S,M,F group. The performance of the transformation is at times quite striking: some- 
thing amounting to a real metamorphosis may change a disheartening dissimilarity into an 
encouraging degree of resemblance (Fig. 4). 

Conclusions 

The subjective judgment that the vectorcardiographic systems, S, M, and F show good 
mutual agreement, and that the B system stands somewhat apart, was confirmed by means 
of the objective criteria ?I and D, which are expressions of the extent of the operation neces- 
sary to transform one system into another. The cleft between the group formed by the S, 
M, and F systems and the B system is probably related to the postulation of homogeneous 
conductivity of the human torso in the former and of a considerable measure of heterogeneity 
in the latter. 

Individual transformations, which are calculated separately for each subject, are very 
accurate, i.e., there is negligible scattering (A) of the transformed system around the target 
system. This constitutes an argument for the assumption, in the individual case, of a station- 
ary dipole, which, in turn, justifies the use of a linear transformation. However, one must 
remain cognizant of the fact that the theorem, “given a stationary dipole, all relations are 
linear,” may not be inverted. In fact, a VCG loop, or, in general, a geometrical figure, can 
always be transformed with only slight scattering into another VCG loop or geometrical 
form by means of linear equations, provided that bothjigures have a simple and smooth shape. 
This is independent of the question whether the origin of the vectorcardiogram is a single 
stationary dipole or a more complicated generator. 

The average transformation calculated for a large group shows a much larger scattering 
than the individual one. This means that a linear relationship no longer covers the relation 
between two systems. The relation between heart vector and leads appears to vary ap- 
preciably from individual to individual, and the assumption of a stationary dipole is no 
longer completely valid: higher poles will assume significance when data obtained from one 



Table II 

Compromise in vectorcardiography. II 677 

Case number 

2. 0.54 1.02 0.17 
7. 0.50 0.86 0.08 
8. 0.91 3.10 0.17 

10. 0.74 0.91 0.06 
19. 0.35 0.36 0.05 
23. 0.48 0.78 0.08 
27. 0.27 0.59 0.06 
28. 0.85 0.92 0.09 
31. 0.93 1.40 0.13 
33. 0.70 1.48 0.14 

Individual B-tM transformations were calculated in a limited number of cases, ten of which are presented here. The difference between 
the B and M loops in each case is again quantitatively expressed by b and D. The accuracy of the individual transformations is 
shown by the As, which represent the residual differences after transformation between the target system and the transformed 
system. These differences are small (of the order of 10 or 20 per cent) in comparison to the differences, b or D. respectively. prior 
to the transformation. 

Table III 

Subjective rating 
- 

Frontal Horizontal 

Comparison: 
B+M and M 7.9 * 0.10 6.7 IL 0.11 
B and M 6.9 k 0.10 5.8 f 0.10 

Improvement due to B -+M transformation 1.0 + 0.09 0.9 * 0.10 

The B-M transformation achieves a significant improvement in agreement between systems B and M according to subjective evalua- 
tion, using a scale of 0 to 10. 

individual (or model) are applied to more individuals. The appearance of higher poles based 
on individual differences in body build cannot, in principle, be obviated, given the systems 
used in this study. This interindividual scatter is, however, of the same order of magnitude 
as the displacement effected by the transformation. Application of the transformation is, 
therefore, still a sensible proceeding, and a linear relation can be considered to be a useful 
approximation. In fact, a significant improvement in agreement between two systems ap- 
pears after application of the calculated linear transformation. In the case of the B-+M 
relation, thanks to the transformation, the B system moves toward a position within the 
limits of the S,M,F group. 

At this point, one might speculate whether it would be feasible to set up formulas 
which could transform any given system into a compromise system which forms the mean of 
the given systems. Thus, different investigators could still use the systems they prefer, but the 
results would become generally comparable. Such a compromise system would probably 
also imply a compromise between the views of strict homogeneity and marked heterogeneity 
in conductivity of the trunk. Standardization in vectorcardiography is necessary, but un- 
acceptable to many if this implies the imposition of an arbitrary system. The introduction 
of a compromise system might meet this objection and bring concordance nearer. 

Summary 

If it were assumed that the electrical action of the heart could be described as that of a 
stationary dipole, one could show that a VCG system L could be transformed into another 



system I( by means of a set of three linear equations. In these equations, each coordinate 
of a general point of K is expressed in all three coordinates of its corresponding (i.e., iso- 
phasic) point of L: 

XK = PXL + qzY~, + r,ZL 
E7K = PVXL + q1/yI. + r,Zr, 

z-IL?= PLXLf qzYL+ rLZL 

The values XK, YK, ZK and XI,, E-r,, ZL cr?n be found by measuring the coordinates of a pair 
of isophasic points of a loop K and a loop L in a single individual. To be able to calculate 
the nine unknown coefficients p, . . . rz, two more sets of three equations are required, 
which can be obtained by measuring the coordinates of a second and third pair of points. 
Individual transformations of this kind have been calculated in a limited number of patients 
for the following four systems: Frank (F), Schmitt III (S), McFee (M), and Burger (B). 
In this way, good adaptation was possible, showing that in the individual case the assump- 
tion of a stationary dipole is a good working hypothesis. However, in order to obtain a 
single transformation that ensures for each individual case, on the average, the best possible 
adaptation, an average transformation must be determined. This may be calculated from 
a sufficiently large number of individual transformations. It is easier, however, to pool all 
equations which pertain to each vector component from all experimental subjects, and then 
to carry out a single calculation, using the method of least squares. In 169 individuals, 
transformations were calculated in this manner for the relations B-M, B-F, M-F, and M-S. 
The formulas are presented in the paper. With the help of the transformations it is also 
possible to quantitatively formulate the degree to which two systems disagree. These values 
were found to be in reasonable agreement with the ratings assigned by means of subjective 
evaluation to the degree of correspondence shown by each pair of systems. The M, S, and F 
systems satisfactorily resemble each other. The B system shows a lack of agreement with 
this group, possibly because of the postulation of electrical heterdgeneity of the human 
trunk in this system. The validity of the transformation method was subsequently tested 
in 139 persons from whom vectorcardiograms were obtained according to systems B, M, 
and B-transformed-to-M. Owing to the transformation a marked improvement in agree- 
ment was gained : the B system now lay within the limits of the M,S,F group. =Zny well- 
founded VCG system might in this manner, while maintaining its characteristic electrode 
arrangement, be adapted to any other system desired. 

\%‘e wish to thank Dr. C. I,. C. van Sieuwenhuizen and the members of the heart team of the St. Antonius 
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