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Summary

Heart murmurs, especially the mitral regurgitant murmurs of 40 patients were analyzed using
the fast Fourier transformation technique.

1. Three types of frequency spectral pattern of mitral regurgitation (MR) were demonstrated:
A) broad, spanning 100 to 500 Hz, B) narrow, characterized by one giant peak, and C) two peaks.
The reason for these patterns was not clear, but they may be related to various hemodynamic events.

2. The mean frequency (f) in MR was 295+38 Hz and it increased in proportion to the regurgitant
grade: e.g., Sellers II, 258 +27 Hz; Sellers III, 294+23 Hz; and Sellers IV, 311+65 Hz. The ac-
cumulated percentage of the 200400 Hz component decreased, while that of the 400-600 Hz com-
ponent increased.

3. The f in MR of various etiologies were as follows: It was higher in ruptured chordae tendineae,
rheumatic cases and mitral valve prolapse syndrome, but was lower in papillary muscle dysfunction
and dilated cardiomyopathy. In the latter two, the percentage of the 0-200 Hz component was greater
than in other disorders. The degree of left ventricular dysfunction and of myocardial injury may be
responsible for the changes in the propagation properties. In ventricular septal defect and aortic steno-
sis, the f was 30612 Hz and 230+40 Hz, respectively. The frequency spectrum of the latter was
lower than that of MR, which may be derived from the diflerence between ejection and regurgitant
murmurs ; whereas, that of ventricular septal defect was similar to that of rheumatic MR.

4. The relation between the frequency spectrum and the phase of systole was studied. In dilated
cardiomyopathy and papillary muscle dysfunction, the f of each phase increased in late systole; whereas,
the maximum f was in mid-systole in other disorders.

5. Administration of amyl nitrite resulted in a decreased f, an increased percentage of the
0-200 Hz component, and a decreased 400-600 Hz component. The spectral distribution shifted to
the lower frequency region.

Results of this study suggested that significant information can be obtained from the frequency
analysis of heart murmurs.
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Fig. 1. Block diagram of data collection and analysis.
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Fig. 2. Power spectrum of mitral regurgitant
murmur without electronic filtration (original
sound).

A original sound; B: power spectrum of whole
systole; and C: power spectra of early, mid and late
systole, respectively.
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Fig. 3. Power spectrum of mitral regurgitant
murmur through high-pass filter.

A: Murmur through the high-pass filter; B: power
spectrum of whole systole; and C: power spectrum of
early, mid and late systole, respectively.
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Fig. 4. Frequency spectral patterns of mitral
regurgitant murmurs.

A broad type spanning 100 Hz to 500 Hz; B: nar-
row type characterized by one giant peak, and C: two-
peaked type.
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Table 1. Frequency spectra and grades of mitral regurgitation assessed by angiography
(mean+SD)
Sellers n f (Hz) SD (Hz) 0-200 Hz* 200400 Hz*  400-600 Hz*
Grade 1 4 259431 111432 35+ 6 48+18 12+10
Grade II 7 258427+ 100+13 30+12 63+13- 7+ 3+
Grade III 6 294+23-* 106+15 22+12 59+15-* 18+ 9-*
Grade IV 5 21+20 55+ 8- 24 +14-

311+65-

99+10

f=mean frequency (Hz); SD =standard deviation (Hz); *=accumulated percentage of the range

(%). *p<0.05.

Table 2. Frequency spectra of systolic murmurs in various types of MR, ventricular

septal defect, and aortic stenosis (mean=+SD)
Diagnosis n f (Hz) SD (Hz) 0-200 Hz* 200-400 Hz* 400-600 Hz*
RCT 7 307 +46 105+14 23 +14- 51+ 9 23+10
Rheumatic 8 306433 90429 17+13- 68+16 14+ 9
MVPS 8 300+36 104+20 214+12-|* 59417 20+13
PMD 5 279+51 100+18 29+17- 56+ 9 13+14
DCM 6 274428 109+22 26+10- 62+14 11+ 7
HCM 2 281+40 108 +10 29+11 56+ 2 13+ 6
LA myxoma 1 335 116 11 54 34
Unknown 3 289+13 77+10 12+ 9 79+ 9 8+ 1
Total 40 295438 100+21 22413 61+14 16+11
VSD 3 306+12 95+ 8 15+ 3 70+ 5 14+ 4
AS 4 230440 88+ 9 42+20 51+17 7+ 4

RCT =ruptured chordae tendineae; MVPS =mitral valve prolapse syndrome; PMD = papillary muscle dysfunc-
tion; DCM=dilated cardiomyopathy; HCM =hypertrophic cardiomyopathy; VSD=ventricular septal defect;
AS=aortic stenosis; f=mean frequency (Hz); SD=standard deviation (Hz); *=accumulated percentage of the

%). *p<0.05.
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Fig. 5. Frequency spectrum and regurgitant
grades assessed by angiography.

The mean frequency (f) increases in proportion to
the regurgitant grade (Sellers II to IV). The ac-
cumulated percentage of the 200400 Hz component
decreases and that of the 400-600 Hz component
increases.
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Fig. 6. Change in the frequency spectrum after
administration of amyl nitrite in a case with
ruptured chordae tendineae (Case 1).

The f decreases from 281 Hz to 251 Hz and the
percentage of the 0-200 Hz component increases to
369% and that of the 400-600 Hz component decreases
from 239% to 7%
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Table 3. Change in the frequency spectrum
after administration of amyl nitrite in
20 cases (mean+SD)

Control AN

1) Mean frequency (Hz) 285+32*% 269+30%
2) Standard deviation (Hz) 101+13 101+14
3) Accumulated percentage (%)

0-200 Hz 23+12*% 29+12*
200400 Hz 61+13 60+10
400-600 Hz 14+9*  11+6*

AN: amyl nitrite, *p<0.05.
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Fig. 7. Change in the frequency spectrum after
administration of amyl nitrite in a case of left
atrial myxoma (Case 2).

Amplitude of the 50-150 Hz component increases.
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Diagnosis n Early Mid Late
(Hz) (Hz) (Hz)
RCT 7 296+55 317+33 298+66
Rheumatic 8 238+108* 312+36* 270+115
MVPS 8 284+42 312+49 303+44
PMD 5 235+81 275+54 299+43
DCM 6 258+79 269+35 285+21

PCT=ruptured chordae tendineae; MVPS =mitral
valve prolapse syndrome; PMD =papillary muscle
dysfunction; DCM =dilated cardiomyopathy. *p<
0.05.
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Fig. 8. Change in the frequency spectrum after administration of amyl nitrite in 20

patients.

The f decreases from 28532 Hz to 269430 Hz. The percentage of the 0-200 Hz component
increases and that of the 400-600 Hz component decreases.
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