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Summary

This study related the eigenvectors derived from the QRS complex in body surface isopotential
maps of normal subjects to regional myocardial excitation, with special emphasis on the right ventricle.

The subjects consisted of 120 normal healthy adults and eight patients with primary pulmonary
hypertension and right ventricular hypertrophy (PPH).

According to the Karhunen-Loéve theory, eigenvectors were derived from the normal group and
the eigenvector coefficient of each subject was obtained against time for the first three components.

The cumulative proportion of the first three eigenvectors was 90.3%, in normals and 80.2%, in PPH.

The first eigenvector had a peak of eigenvector coefficients early in the QRS and had a bottom
late in the QRS. The peak of the second was in the middle of the QRS. The coefficients of the third
eigenvector were low compared to the former two eigenvectors, and had no characteristic time pattern.

PPH had a similar time pattern of coefficients in the first eigenvector, reduced coefficients in the
second, and a definite peak in the mid-QRS in the third. The average eigenvector coefficient of the
third eigenvector in PPH was significantly higher than those in normal subjects (p<0.01).

We conclude that the third eignevector derived from normal subjects strongly reflects right ventri-
cular excitation.
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Table 1. Physical, echocardiographic and
catheter findings of patients with
primary pulmonary hypertension

Patients  Age Sex I({ngl (mg?{g)
1 56 M 20 84/19
2 36 F 24 89/35
3 56 M 25 75/14
4 44 M 32 70/30
5 49 F 38 90/35
6 37 F 35 88/35
7 28 M 36 94/36
8 34 F 34 88/35

RVDd=right ventricular end-diastolic dimension;
PA =pulmonary artery pressure.
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Fig. 1. First six eigenvectors of normal subjects.
The first 6 QRS-derived eigenvectors are shown.
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Table 2. Comparison of contributing rates of
the first three eigenvectors of nor-
mal adults and patients with PPH

1 11 111 I+I1+1I1
Normal 46.3 37.4 6.6 90.3 (%)
PPH 35.2 27.3 17.7 80.2
Normal
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Fig. 2. Cumulated percentages of the first three
eigenvectors.

Cumulated percentages of the first three eigenvectors
are plotted against time from the beginning of the
QRS complex.

Normal =normal adults; PPH =primary pulmonary
hypertension.
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Fig. 3. Maps and eigenvector coefficients of a normal adult.

Three isopotential maps of a normal subject are shown at the points 20, 40 and 60 msec after the
beginning of the QRS complex in the left panel. The first 3 eigenvectors’ coefficients of the map from
the same subject are plotted against time in the right panel.
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Fig. 4. Maps and eigenvector coefficients in a case with primary pulmonary hypertension.
Three isopotential maps of a patient with primary pulmonary hypertension are shown at the points

20, 40 and 60 msec after the beginning of the QRS complex in the left panel and the first 3 eigen-

vectors’ coefficients of the map from the same subject are plotted against time in the right panel.
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HF=EJEKD eigenvector analysis
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Fig. 5. First three eigenvector coefficients.
Averages of the first three eigenvectors’ coefficients of 8 patients with primary pulmonary hy-
pertension are plotted against time (thick solid line). Shaded area is the normal range (mean+2SD).
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Table 3. Order of contribution of eigenvectors by time

Order\(time 10 20 30 40 50 60 70 80 90 100 (msec)
Normal 1 1 I I 11 1I 11 1I 11 1I II
II II 1 III 111 111 111 111 111 111
3 II1 III 111 I I 1 I I I I
PPH 1 I I 111 111 111 II1 III 111 111 111
1I 11 1I 1I II 11 1I II T Il 11
3 111 111 1 I I 1 I I I I

Note the difference in the largest eigenvector coefficient at 30-50 msec.
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