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Abstract

Background
The spatial QRS-T angle (SA), a predictor of sudden cardiac death, is a vectorcardio-

graphic variable. Gold standard vectorcardiograms (VCGs) are recorded by using 

the Frank electrode positions. However, with the commonly available 12-lead ECG, 

VCGs must be synthesized by matrix multiplication (inverse Dower matrix / Kors 

matrix). Alternatively, Rautharju proposed a method to calculate SA directly from 

the 12-lead ECG. Neither spatial angles computed by using the inverse Dower 

matrix (SA-D) nor by using the Kors matrix (SA-K) or by using Rautharju’s method 

(SA-R) have been validated with regard to the spatial angles as directly measured 

in the Frank VCG (SA-F). Our present study aimed to perform this essential valida-

tion.

Methods
We analyzed SAs in 1220 simultaneously recorded 12-lead ECGs and VCGs, in all 

data, in SA-F-based tertiles, and after stratification according to pathology or sex.

Results
Linear regression of SA-K, SA-D and SA-R on SA-F yielded offsets of 0.01°, 20.3° 

and 28.3° and slopes of 0.96, 0.86 and 0.79, respectively. The bias of SA-K with 

respect to SA-F (mean ± SD –3.2 ± 13.9°) was significantly (P < .001) smaller than 

the bias of both SA-D and SA-R with respect to SA-F (8.0 ± 18.6° and 9.8 ± 24.6°, 

respectively); tertile analysis showed a much more homogeneous behavior of the 

bias in SA-K than of both the bias in SA-D and in SA-R. In pathologic ECGs, there 

was no significant bias in SA-K; bias in men and women did not differ.

Conclusion
SA-K resembled SA-F best. In general, when there is no specific reason to either 

synthesize VCGs with the inverse Dower matrix or to calculate the spatial QRST-

angle with Rautaharju’s method, it seems prudent to use the Kors matrix.
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Introduction
The noninvasive identification of individuals at risk for life-threatening ventricular 

arrhythmias or sudden cardiac death presents a relevant clinical issue. The spatial 

QRS-T angle, a global ECG descriptor of cardiac repolarization and its relation to 

the preceding depolarization, is proven to be a variable with predictive value 

for sudden cardiac death. Several studies have shown that a wide spatial QRS-T 

angle, denoting a discordant ECG, is a predictor of sudden cardiac death: Kors 

et al. demonstrated this in an elderly population1, Rautaharju et al. in a group of 

postmenopausal women2, Kardys et al. in the general population3 and Yamazaki et 

al., Zhang et al. and De Torbal et al. in various clinical populations4-6. Furthermore, 

Borleffs et al. showed that a wide spatial QRS-T angle is also a strong predictor 

of appropriate device therapy in primary prevention implantable cardioverter 

defibrillator (ICD) recipients with ischemic heart disease7.

The concept of the spatial QRS-T angle stems from vectorcardiography. However, 

nowadays, Frank vectorcardiograms (VCGs)8 are usually not recorded in the clinic, 

and for spatial QRS-T angle calculation VCGs have to be synthesized from routine 

standard 12-lead ECGs.

Usually, VCG synthesis is done by multiplying the ECG by a conversion matrix. 

Most commonly, the inverse Dower matrix9 or the Kors matrix10 are used for this 

purpose. In addition, Rautaharju et al.11 proposed a method to estimate the spatial 

QRS-T angle directly from a 12-lead ECG.

Interestingly, neither method to calculate the spatial QRS-T angle has been 

validated with respect to the gold standard, i.e. the spatial QRS-T angle measured 

in the Frank VCG. Therefore, the aim of our present study was to compare spatial 

QRS-T angles as computed in VCGs synthesized by the inverse Dower matrix and 

by the Kors matrix, as well as spatial QRS-T angles as computed by Rautaharju’s 

method, to spatial QRS-T angles in original Frank VCGs.
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Methods

Materials
We used data set #5 from the diagnostic library that was collected in the CSE 

(Common Standards for Quantitative Electrocardiography) project12. This data set 

consists of a clinical population of 1220 patients, each comprising a simultaneous 

10s recording of the eight independent leads of the standard ECG (I, II, V1 to V6) 

and of the three Frank VCG leads X, Y, and Z. The sampling rate of the recordings is 

500 Hz. Characteristics of the composition of CSE data #5 set in terms of sex, age, 

height and weight are known, however diagnostic statements are not provided 

with the data set, therefore, we used the diagnostic module of the ECG interpreta-

tion program MEANS13 to separate the recordings into two categories: pathologi-

cal (conduction disturbances, hypertrophy, infarction), or normal.

VCG synthesis
On the basis of the averaged P-QRS-T complexes, two synthesized VCG variants 

were calculated by multiplying the 12-lead ECGs by either the inverse Dower 

matrix or the Kors matrix. The inverse Dower matrix, introduced by Edenbrandt 

and Pahlm9, is the pseudoinverse of the matrix proposed by Dower et al.14, origi-

nally conceived for the purpose of 12-lead ECG synthesis from a VCG. This matrix 

is based on the Frank torso model and was created for simultaneous VCG and 

12-lead ECG diagnostics in clinical Frank VCG recordings14.

The second synthesized VCG variant was computed by using the ECG to VCG 

transformation matrix proposed by Kors and colleagues10. This matrix was based 

on a learning set from the CSE multi-lead library (data sets #3 and #4). It was 

generated by multiple linear regression, thus minimizing the root-mean-square 

differences between the synthesized VCG and the simultaneously recorded Frank 

VCG in a population of patients and normals. See Table 1 for the inverse Dower 

and Kors matrix coefficients. The spatial QRS-T angles were computed by MEANS. 

Subsequently, the spatial QRS-T angles were computed in the Frank VCGs and in 

the synthesized VCG variants.
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Rautaharju’s method
The method proposed by Rautaharju et al.11 for simplified assessment of the 

spatial QRS-T angle calculates the inverse cosine between approximations of the 

mean QRS and T vectors. This is a vectorcardiographically-based approach that, 

however, avoids full-blown VCG synthesis. Rautaharju et al. conclude that this 

simplified method can be seen as a satisfactory substitute for spatial QRS-T angles 

calculated from VCGs synthesized by the inverse Dower matrix. The X, Y and Z 

components of the mean QRS and T vectors are approximated by the net QRS and 

T amplitudes in the leads V5 (for QRS) or V6 (for T), aVF and V2, respectively. The 

spatial angle was computed from the MEANS measurement matrix as follows:

SA = ACOS[(QRSnetV6 * TnetV5) + (QRSnetaVF * TnetaVF) + (QRSnetV2 * TnetV2)] / 

(QRSsm * Tsm)

where

ACOS = inverse cosine,

QRSnet = R – abs(S or QS, whichever is larger),

Tnet = Tpos – abs(Tneg),

QRSsm = SQRT[(QRSnetV6)2 + (QRSnetaVF)2 + (QRSnetV2)2], and

Tsm = SQRT[(TnetV5)2 + (TnetaVF)2 + (TnetV2)2].

In our study, the spatial QRS-T angles derived from Frank VCGs will be denoted 

as SA-F, the spatial angles computed in the VCGs synthesized by the inverse 

Dower matrix will be denoted as SA-D, the spatial angles computed in the VCGs 

Table 1. Coefficients of the inverse Dower and Kors ECG-to-VCG conversion matrices.

inverse Dower Matrix X Y Z Kors Matrix X Y Z

i 0.16 – 0.23 0.02 i 0.38 – 0.07 0.11

ii – 0.01 0.89 0.10 ii – 0.07 0.93 – 0.23

V1 – 0.17 0.06 – 0.23 V1 – 0.13 0.06 – 0.43

V2 – 0.07 – 0.02 – 0.31 V2 0.05 – 0.02 – 0.06

V3 0.12 – 0.11 – 0.25 V3 – 0.01 – 0.05 – 0.14

V4 0.23 – 0.02 – 0.06 V4 0.14 0.06 – 0.20

V5 0.24 0.04 0.06 V5 0.06 – 0.17 – 0.11

V6 0.19 0.05 0.11 V6 0.54 0.13 0.31
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synthesized by the Kors matrix will be denoted as SA-K, and the spatial angles 

calculated by Rautaharju’s method will be denoted as SA-R.

Statistical analysis
For visual comparison difference plots were made for SA-D, SA-K, and SA-R versus 

SA-F. To quantify bias we calculated the mean differences, their confidence 

intervals and P-values between either SA-D, SA-K or SA-R, and the gold standard, 

SA-F. To quantify noise we calculated the SD of the differences between either 

SA-D, SA-K or SA-R, and the gold standard, SA-F. Linear regression analysis was 

performed to further characterize the relation between SA-D and SA-F, between 

SA -K and SA-F, and between SA-R and SA-F. Similar analyses were performed after 

stratification into tertiles based on SA-F, to separately investigate the statistical 

behavior of the spatial angles for lower, middle and larger values. Also, separate 

analyses were done after stratification according to presence/absence of pathol-

ogy and according to sex.

Results
CSE data set #5 comprises 1220 ECG/VCG recordings made in 831 caucasian men

and 389 caucasian women. Mean ± SD age is 52±13 years. Height and weight are 

known in 1152 and 1150 cases, respectively; mean ± SD height is 169 ± 9 centime-

ters, mean ± SD weight is 71±12 kilograms.

Figure 1 shows two cases, with an acute and an obtuse spatial angle, respectively. 

The Figure depicts the scalar X-Y-Z leads, the vector loops and the QRS and T 

axes for the recorded Frank VCG and for the VCGs synthesized from the recorded 

12-lead ECGs by the inverse Dower matrix and by the Kors matrix. A similar 

example of Rautaharju’s method cannot be given as this method does not synthe-

size an actual VCG, but estimates the spatial QRS-T angle directly from the 12-lead 

ECG.

Table 2 shows the descriptive statistics of the 1220 spatial angles as derived 

from the Frank VCGs (SA-F), as derived from the VCGs synthesized by the inverse 

Dower (SA-D) and Kors (SA-K) matrices, and as calculated by Rautaharju’s method 
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Figure 1. Superimposed Frank VCGs (black) and VCGs synthesized from the simultaneously recorded 
12-lead ECG by multiplication by the inverse Dower matrix (red) and by the Kors matrix (green). Case A: 
subject in whom the Frank VCG has an acute spatial angle (48°). Case B: subject in whom the Frank VCG 
has an obtuse spatial angle (138°). The upper subplots depict the scalar X-Y-Z leads; the lower subplots 
depict the vector loops and the QRS and T axes in the frontal, transversal, and sagittal planes. The spatial 
angles cannot readily be observed in this figure as the frontal, transversal, and sagittal planes render 
the projections of the QRS and T axes. The figure demonstrates clearly that the scalar leads in subjects 
with relatively small spatial angles are predominantly concordant (in case A, all 3 leads X, Y, and Z are), 
whereas the scalar leads in subjects with relatively large spatial angles are predominantly discordant (in 
case B, leads X and Z are). In case A, the spatial angles of the synthesized VCGs are 48° (Kors matrix) and 
76° (inverse Dower matrix), respectively. Obviously, the difference between the Dower VCG and the Frank 
VCG is quite dramatic here, especially when inspecting the vector loops. In case B, the spatial angles of 
the synthesized VCGs are 143° (Kors matrix) and 150° (inverse Dower matrix), respectively. In this case, the 
synthesized VCGs resemble the original Frank VCG much more.
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(SA-R). SA-D (mean ± SD 95.3±39.0°) and SA-R (97.2±39.3°) were larger than SA-F 

(87.4±40.4°); in contrast, SA-K (84.1±41.3°) was smaller than mean SA-F.

Differences with the gold standard spatial angles measured in the Frank VCG, SA-F, 

are listed in Table 3. All mean differences differed significantly from zero, thus 

proving the existence of bias. Both bias (mean difference) and noise (SD of the dif-

ferences) of SA-D with respect to SA-F (bias±noise is 8.0°±18.6°) and of SA-R with 

respect to SA-F (9.8°±24.6°) were considerably significantly larger (P < .001) than 

the bias and noise of SA-K with respect to SA-F (-3.2°±13.9°). The linear regression 

of SA-K on SA-F indicated a close correspondence between SA-K and SA-F (offset 

close to 0, slope close to 1, correlation close to 1). The linear regression of SA-D on 

SA-F yielded an offset of 20.34° and a slope of 0.86, indicating a lower degree of 

correspondence. The linear regression of SA-R on SA-F yielded an offset of 28.34° 

and a slope of 0.79, indicating an even lower degree of correspondence.

The agreement between SA-D and SA-F, between SA-K and SA-F, and between 

SA-R and SA-F is visualized in the three difference plots in Figure 2. As is readily 

appreciable in these plots, the distribution of the differences between SA-D and 

SA-F, and, the more so, the distribution of the differences between SA-R and 

SA-F, were wider than the distribution of the differences between SA-K and SA-F. 

Furthermore, the differences between SA-D and SA-F, and especially between SA-R 

and SA-F, seem to be less homogenously distributed than the differences between 

SA-K and SA-F. Therefore, tertile analysis was performed, which is shown in Table 3. 

Considerable differences in bias per tertile can be seen for both the comparisons 

of SA-D and SA-F and of SA-R and SA-F, in contrast to a much more homogenous 

behavior of the biases for the comparison of SA-K and SA-F over the full data 

range.

Table 2. Descriptive statistics of the 1220 spatial QRS-T angles derived from the Frank VCGs (SA-F), 
derived from the VCGs synthesized by the inverse Dower (SA-D) and Kors (SA-K) matrices, and calculated 
by Rautaharju’s method (SA-R).

CSe data set #5 Mean (95%Ci) (°) SD (°) Median (interquartile range) (°)

Sa-F 87.4 (85.1 to 89.6) 40.4 85 (55 to 117)

Sa-D 95.3 (93.2 to 97.5) 39.0 93 (65 to 124)

Sa-K 84.1 (81.8 to 86.4) 41.3 78 (51 to 115)

Sa-r 97.2 (95.0 to 99.4) 39.3 96 (69 to 126)
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In the subgroup-analyses there were no significant differences between males 

and females (Table 3). With respect to pathology, differences of SA-F stratified into 

spatial angles from pathological ECGs (n = 580) and spatial angles from normal 

ECGs (n = 640) are given in Table 3. Bias, noise and the regression equation for SA-K 

on SA-F were superior to both that of SA-D on SA-F and SA-R on SA-F, respectively, 

Table 3. Differences between SA-F (spatial QRS-T angles derived from Frank VCGs) and SA-D (spatial 
QRS-T angles derived from inverse-Dower-matrix synthesized VCGs), SA-K (spatial QRS-T angles derived 
from Kors-matrix-synthesized VCGs) and SA-R (spatial QRS-T angles calculated by Rautaharju’s method), 
for all data, and for the subgroups that result after stratification according to SA-F tertiles, and according 
to sex or presence/absence of pathology.

Sa-F 
vs.

Mean difference 
(95%Ci) (°)

P-
value

SD of the 
differences 

(°)

range of 
the differ-
ences (°)

linear
regression

Correlation 
(r2)

all data
(N = 1220)

Sa-D 8.0 ( 7.0 to 9.0) < .001 18.6 -70 to 73 D= 20.34 + 0.86F 0.79

Sa-K -3.2 (-4.0 to -2.5) < .001 13.9 -72 to 60 K= 0.01 + 0.96F 0.89

Sa-r 9.8 (8.4 to 11.2) < .001 24.6 -113 to 141 R= 28.34 + 0.79F 0.66

TerTileS

1st tertile
5° to 64°
(N=406)

Sa-D 13.5 (11.8 to 15.2) < .001 17.5 -47 to 73 D= 17.71 + 0.90F 0.35

Sa-K -1.1 (-2.2 to 0.1) 0.061 11.6 -44 to 60 K = 6.94 + 0.82F 0.51

Sa-r 18.8 (16.6 to 21.0) < .001 22.5 -39 to 114 R= 22.43 + 0.92F 0.25

2nd tertile
65° to 103°
(N=412)

Sa-D 9.8 (7.9 to 11.6) < .001 18.7 -42 to 68 D= 20.33 + 0.87F 0.23

Sa-K -4.4 (-5.8 to -3.0) < .001 14.5 -47 to 50 K= 1.60 + 0.93F 0.36

Sa-r 11.5 (9.2 to 13.8) < .001 24.1 -72 to 78 R= 34.20 + 0.73F 0.11

3rd tertile
104° to 177°
(N=402)

Sa-D 0.6 (-1.1 to 2.3) 0.486 17.3 -70 to 43 D= 20.70 + 0.85F 0.51

Sa-K -4.2 (-5.7 to -2.8) < .001 15.2 -72 to 33 K= -5.25 + 1.01F 0.65

Sa-r -0.9 (-3.2 to 1.3) 0.419 23.2 -141 to 67 R= 25.47 + 0.80F 0.34

SeX

Men
(N = 831)

Sa-D 8.2 (6.9 to 9.5) < .001 18.9 -60 to 73 D= 21.47 + 0.85F 0.78

Sa-K -2.3 (-3.1 to -1.4) < .001 12.9 -69 to 60 K= 2.54 + 0.95F 0.90

Sa-r 9.4 (7.7 to 11.1) < .001 25.3 -141 to 114 R= 28.23 + 0.79F 0.64

Women
(N = 389)

Sa-D 7.6 (5.8 to 9.4) < .001 18.0 -70 to 63 D= 18.24 + 0.87F 0.81

Sa-K -5.3 (-6.9 to -3.7) < .001 15.7 -72 to 50 K= -4.64 + 0.99F 0.87

Sa-r 10.7 (8.4 to 13.1) < .001 23.2 -81 to 80 R= 28.51 + 0.79F 0.69

PaTHOlOgY

Normal
(N = 640)

Sa-D 10.3 (9.1 to 11.6) < .001 16.4 -57 to 73 D= 20.47 + 0.86F 0.78

Sa-K -5.7 (-6.7 to -4.7) < .001 12.9 -48 to 48 K= -0.51 + 0.93F 0.87

Sa-r 12.0 (10.3 to 13.7) < .001 22.0 -81 to 80 R= 28.82 + 0.77L 0.63

Pathological
(N = 580)

Sa-D 5.4 (3.7 to 7.1) < .001 20.5 -70 to 68 D= 19.46 + 0.86F 0.76

Sa-K -0.5 (-1.7 to 0.7) 0.425 14.5 -72 to 60 K= 6.65 + 0.93F 0.88

Sa-r 7.4 (5.2 to 9.6) < .001 27.0 -141 to 114 R= 29.41 + 0.79F 0.61
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Figure 2. Difference plots for (upper panel) the spatial QRS-T angles computed in the inverse Dower 
matrix synthesized VCG (SA-D) and in the Frank VCG (SA-F), for (middle panel) the spatial QRS-T angles 
computed in the Kors-matrix synthesized VCG (SA-K) and in the Frank VCG (SA-F), and for (lower panel) the 
spatial QRS-T angles calculated by Rautaharju’s method (SA-R) and computed in the Frank VCG (SA-F).
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especially in the pathological category. As expected, the SA-F for the pathologic 

cases (mean ± SD 102.8°±40.7) were significantly larger (mean ± SD difference is 

29.8°±54.2; 95% CI 34.2° to 25.4°) than for the normal ECGs (mean ± SD, 73.0° ± 

34.8°).

Discussion
We compared, in simultaneously recorded 12-lead ECGs and VCGs, the spatial 

QRS-T angles derived from two synthesized VCG variants, using the inverse Dower 

matrix9 and the Kors matrix10, as well as the spatial QRS-T angles calculated by 

Rautaharju’s method11, to the spatial QRS-T angles derived from original Frank 

VCGs. Taking SA-F as gold standard, we found that the correspondence of the 

spatial QRS-T angles computed on the basis of the VCGs synthesized with the Kors 

matrix was superior in terms of bias and noise (mean and spread of the differ-

ences), and also in terms of the linear regression over the full range of the angles 

(Table 3).

As can be seen in the tertile analysis (table 3), the Kors matrix behaved constantly 

well for all spatial QRS-T angle magnitudes, showing a more homogenous 

behavior in comparison to the spatial QRS-T angles computed by the inverse 

Dower matrix and by Rautaharju’s method, which both had hardly any bias in 

the third tertile, in contrast to a much larger bias present in the first and second 

tertile. However, when looking at slope and correlation in the third tertile, it is the 

Kors matrix that performs best, creating a more balanced picture. Furthermore, as 

can be observed in the analysis after stratification into normal and pathological 

ECGs (table 3), the Kors matrix performs better than the inverse Dower matrix and 

Rautaharju’s method in both normal and pathological ECGs, for each measure of 

correspondence that we used.

In the normal human heart, the repolarization wavefront does not follow the 

preceding depolarization wave front, because action potentials in cardiac regions 

that are depolarized last tend to be briefer than action potentials in regions of the 

heart that are activated first15. This causes the heart vector to grossly assume the 

same direction during the QRS complex and the T wave, which manifests in the 

form of a concordant ECG (equal polarity of the QRS complex and the T wave in 
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most ECG leads). In the diseased heart this property is partially lost, which causes 

the QRS and T axes to deviate more in direction, manifesting as discordance in 

the ECG. Hence, the spatial angle between the QRS and the T axes is expected 

to be relatively acute in normal ECGs and relatively obtuse in pathological ECGs. 

However, a normal ECG can have a larger spatial QRS-T angle, while a pathological 

ECG can have a smaller spatial QRS-T angle, creating a substantial overlap. When 

determining the accuracy of the spatial QRS-T angle, it would give a one-sided 

view to only look at the larger angles. Therefore, it is important that the behavior 

of the spatial angles after stratification into normal and pathological ECGs is also 

taken into consideration.

Alternative measurements
In addition to the “real” QRS-T spatial angle, which is defined as the angle between 

the QRS and T axes, several alternatives have been proposed, sometimes because 

of presumed simplicity of calculus, sometimes because of potential improvement 

in terms of physiological interpretation or predictive value.

Malik et al. proposed to calculate the “total cosine R-to-T” (TCRT)16 between the 

QRS and T vectors in a mathematically reconstructed 3-D space, consisting of 

the principal three dimensions after singular value decomposition of the ECG. 

Although this angle also has predictive power16, it cannot be compared with the 

spatial QRS-T angles in the VCG, because TCRT angles are defined in signal space 

rather than in VCG image space. Even though there is sometimes good correspon-

dence between the 3-D spaces after singular value decomposition and the VCG 

image space, this is not an intrinsic property of the principal component analysis 

methodology that underlies the singular-value decomposed ECG.

Zhang5 and Pavri et al.17 demonstrated that also the planar QRS-T angle is a 

significant predictor of sudden cardiac death. Obviously, the planar QRS-T angle 

(the projection of the spatial QRS-T angle on the frontal plane) can differ dramati-

cally from the spatial QRS-T angle, depending on the orientation of the QRS and T 

axes. The advantage of the planar over the spatial QRS-T angle would be that it can 

be assessed in the standard 12-lead ECG by simple visual inspection. Again, it is 

questionable whether this calculus is simpler than the straightforward calculation 
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in the VCG, while the original 3D concept, that is invariant for, e.g., anatomical 

rotations between subjects, is sacrificed.

Dilaveris and colleagues have published remarkably small spatial QRS-T angles: a 

study on normal subjects gave a mean spatial angle of 20.4°18. Other studies from 

this same group, amongst others on the effects of cigarette smoking19, high blood 

pressure20 and on myocardial infarction survivors21, all presented small spatial 

angles, as did a study by Jaroszynski et al.22, who used the same analysis method. 

Dilaveris and colleagues consistently use the inverse Dower matrix to reconstruct 

the VCG from an average beat computed by the MEANS program13, after which 

the spatial QRS-T angles are calculated according to locally developed dedicated 

software. Prompted by these striking differences we have additionally verified 

the reliability of the spatial angles as calculated by MEANS. This was done by 

comparing the spatial angles as calculated by the LEADS program23 in the study by 

Scherptong et al.24 by the spatial angles computed by the MEANS program in the 

same data set. The LEADS program has been developed in the Leiden University 

Medical Center independently from MEANS and is interactive in the sense that 

onset and offset of QRS and T are manually verified (while this is an automated 

procedure in MEANS). A mean difference of 1.9° (SD 3.7, 95% CI 1.6 to 2.2) was 

found. However, this difference is that small and there is such a good linear rela-

tionship (SALEADS=0.52 + 1.02SAMEANS, R2=0.99), that this makes us confident that 

the spatial angle calculus in MEANS is correct. In our view, the deviating angles 

mentioned above can only be explained by a different calculus that we regrettably 

cannot further specify on the basis of the Methods sections in these publications.

Normal limits
The results of our current study demonstrate that the spatial QRS-T angle in a 

given subject depends strongly on the origin of the VCG (Frank, or synthesized 

with the inverse Dower or Kors matrix) or calculus (Rautaharju’s method). Hence, 

when making use of normal limits for spatial angles for diagnostic/prognostic 

purposes, one must use normal limits fit for the specific spatial angle. Thus, better 

diagnostic performance of the spatial angle can be expected.

Normal limits for the QRS-T spatial angle have been defined in a few studies. 

Pipberger and colleagues were the first to publish normal limits of the spatial 
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angle from 8-electrode 3-lead Frank VCGs recorded in 518 hospitalized men25;26. 

The normal limits for spatial angles presented by Pipberger and associates were 

26° to 134°. Although this study population was without cardiovascular disease, 

it is questionable if such a group can be regarded as healthy, because noncardiac 

disease and the administration of noncardiac medication could still have induced 

changes in cardiac electrophysiology resulting in (temporary) changes of the 

spatial QRS-T angle. However, for long, this has been the only source for normal 

limits of the spatial angle: studies by Kors et al, Kardys et al, and De Torbal et al, 

while calculating spatial angles from Kors matrix synthesized VCGs, all used 135° as 

the threshold for abnormal angles.

Recently, Scherptong et al. determined normal limits of the spatial QRS-T angle, 

as derived from VCGs synthesized by the inverse Dower matrix. As database they 

used 660 healthy male and female medical students24. Normal limits appeared 

to be different for males (30° to 130°) and for females (20° to 116°), hence they 

concluded that sex should be taken into account when using the spatial QRS-T 

angle for risk analysis.

Obviously, when QRS-T spatial angles of a given population are to be contrasted 

with normal values, such normal values ought to be determined in an appropriate 

group (e.g., healthy persons of matching age and sex) and in an appropriate way 

(i.e., using similar ECG recording and processing techniques). As our study dem-

onstrates, there is quite a good agreement, in terms of bias, between the spatial 

angles measured in a Frank VCG and measured in a VCG that was synthesized from 

a 12-lead ECG by using the Kors matrix10. However, there is a considerable amount 

of noise, which has an impact on the normal values. Bias and noise are even larger 

in SAs computed in VCGs synthesized by the inverse Dower matrix and in SAs 

computed by direct calculation from the ECG according to Rautaharju and cowork-

ers11. Summarizing, a new set of Frank VCG measurements in normal subjects is 

needed to reestablish or refine the existing normal values that were published 

by the group of Pipberger and colleagues25;26. Moreover, and in addition to the 

normal values as calculated in inverse-Dower-synthesized VCGs24, normal values 

should be calculated in a set of Kors-matrix-synthesized normal VCGs.
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Because in some clinical situations the 10 electrodes needed for the standard 

12-lead ECG are impractical, there is upcoming interest in reduced lead sets and 

in the synthesis of 12-lead ECGs and of VCGs on the basis of these lead sets27;28. 

Our study focused on the widespread 10-electrode configuration of the standard 

12-lead ECG, but it might be important to study the accuracy of spatial QRS-T 

angles derived from VCGs synthesized from reduced lead sets as well.

Limitations
The validated diagnoses of the CSE diagnostic library remain under lock and key 

in the CSE coordinating center. Hence, when stratifying the data set according to 

presence/absence of pathology we had to rely on the MEANS diagnostic module 

when classifying the ECGs as normal or as associated with bundle branch block, 

hypertrophy and infarction. We cannot exclude that the MEANS diagnostic module 

missed repolarization abnormalities.

Conclusions
In our study, spatial QRS-T angles that were calculated using the Kors VCG syn-

thesizing matrix showed superior correspondence with the spatial QRS-T angles 

in the original Frank VCGs in comparison with the spatial QRS-T angles from the 

VCG synthesized by the inverse Dower matrix and even more in comparison to 

the spatial QRS-T angles calculated by Rautaharju’s method. Moreover, the Kors 

matrix supplies better resembling spatial QRS-T angles for each angle magnitude, 

in contrast to both the inverse Dower matrix and Rautaharju’s method. In general, 

when there is no specific reason to either synthesize VCGs with the inverse Dower 

matrix or to calculate the spatial QRST-angle with Rautaharju’s method, it seems 

prudent to use the Kors matrix.
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