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INTENSITY AND FREQUENCY CONTENT OF BREATH SOUNDS
IN PATIENTS WITH PULMONARY EMPHYSEMA
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Abstract - The author studied the intensity and frequency content of breath sounds
in sixteen patients with pulmonary emphysema as compared with those in normal controls.

The patients were clinically diagnosed with pulmonary emphysema with moderate to
severe obstructive ventilatory impairment (FEV 1/FVC 50.7+10.5%) on pulmonary
function test and with low attenuation area suggestive of emphysema on CT. Control
subjects were eight non-smoking healthy men with normal pulmonary function test.

Recording of breath sounds was done with the subjects in a sitting position for thirty
seconds with various flow rates. Flow rate was measured by pneumotachometer via mouth.
ECG was recorded simultaneously to eliminate contamination by heart sounds. The signals
of breath sounds at six sites on the chest wall were through an amplifier and a band-pass
filter (0.1 to 2000 Hz), and digitized to be recorded on a personal computer with signal of
flow rate and ECG. Power spectra of the breath sounds for inspiratory blocks of 102. 4
msec when the flow rate was 350 ml/sec (low flow rate) or 700 ml/sec (high flow rate)
were obtained using fast Fourier transform. The segments which were contaminated by
heart sounds and various noise were excluded by inspection of sound-spectrogram. Total
power was calculated by the sum of power spectra within bandwidth of 100-2000 Hz.
Parameters of F 25, F 50, F 75, F 95, and H/M power ratio (H : 400~800 Hz, M: 200~400
Hz) were calculated to quantify distribution of frequency spectra of breath sounds.

Total power of breath sounds was increased -on upper lung fields at both flow rates and
on lower lung fields at low flow rate as compared with those in normal controls. H/M ratio
was increased on upper lung fields at both flow rates and on lower lung fields at high flow
rate. F 95 was increased on both lung fields at high flow rate.

In conclusion, at a given flow rate the breath sounds in a patient with emphysema do not
decrease in intensity but may increase in frequency. This fact suggests that decreased
breath sounds in patients with pulmonary emphysema is due to decreased flow rate.
(GREEEE. J. Nara Med. Ass. 49, 365~372, 1998)
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chodilator
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Table 1. Characteristics of patients with pulmonary emphysema and normal controls

Patients with emphysema

No Age Sex Ht Bw vC FEV, FEV,/FVC RV/TLC Dico/VA Dico
(cm) (kg) (%pred) (%pred) (%) %) (%pred) (%pred)

1 73 M 162 49 79.7 64.8 55.8 51.2 NA NA

2 65 M 160 56 108.0 83.1 55.7 39.5 42.9 61.2

3 84 M 157 38 47.2 42.3 55.1 74.5 NA NA

4 81 M 158 40 59.0 55.0 55.8 NA NA NA

5 68 M 175 55 52.0 32.0 438.6 NA NA NA

6 63 M 160 39 35.3 16.9 35.7 80.6 NA NA

7 66 M 160 50 110.0 74.0 48.0 NA NA NA

8 78 M 160 48 74.8 34.7 27.9 70.0 22.3 53.2

9 83 M 173 57 57.0 44.0 55.5 NA NA NA
10 62 M 169 53 90.0 64.0 56.2 NA NA NA
11 74 F 142 31 81.0 81.0 61.2 NA NA NA
12 61 M 166 58 86.0 74.0 67.7 NA NA NA
13 60 M 162 54 71.1 46.7 50.2 57.3 47.2 67.3
14 64 M 154 48 59.0 37.0 44.3 NA NA NA
15 68 M 165 63 107.9 82.3 56.2 38.2 68.8 92.8
16 61 M 168 55 58.2 24.9 34.0 65.5 6.4 9.5

Normal controls
No Age Sex Ht Bw vC FEV, FEV,/FVC RV/TLC Dico/VA Dico
~(cm) (kg) (%pred) (%pred) (%) (%> (%pred) (%pred)

1 29 M 167 58 120.0 107.0 83.3 NA NA NA

2 32 M 163 60 106.0 103.0 87.7 NA NA NA

3 27 M 173 67 103.0 88.0 82.0 NA NA NA

4 30 M 173 65 89.0 89.0 94.1 NA NA NA

5 42 M 156 58 92.0 98.0 88.2 NA NA NA

6 30 M 173 70 105.0 93.0 84.1 NA NA NA

7 41 M 171 65 104.0 - 98.0 84.6 NA NA NA

8 38 M 162 58 93.0 103.0 96.9 NA NA NA
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Fig. 1. Lung sounds were recorded by six micro-
phones on the chest wall. Microphone 1 and
microphone 2 were attached on the second
intercostal spaces at the midclavicular lines.
Microphone 3 and 4 were attached on lower
angle of the scapulas. Microphone 5 and 6
were attached on basal portions of lungs at
the mid-scapular lines.

Flow Rate EKG

& Amplifier(X100)

Low Pass Filter(2000Hz)

A/D Converter(5kHz, 14bit, range=0. 5Y)

Personal Computer with Hard Disk

Fig. 2. Block diagram of the recording system
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power exists, respectively. Power of 0 to 100
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In patients with pulmonary emphysema total power and power spectrum within 400 to
800 Hz were increased in upper field.
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Fig. 5. Comparison about frequency content. F 95 and H/M ratio of the patients were higher
than those of controls at high flow rate.
"H/M” is the ratio of power of high(400-800 Hz)to middle(200-400 Hz)frequency
bandwidths.
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Fig. 6. Effect of bronchodilator on intensity and frequency contents of breath sounds in

patients with pulmonary emphysema.
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