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CHARACTERISTICS OF TRACHEAL SOUND DURING BREATHS PRECEDING
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The author analyzed night tracheal sounds from 15 patients with sleep apnea syndrome.
The dominant apnea type of the 15 patients was obstructive in nine, central in three and
both in three. Tracheal sound was recorded on a video tape recorder through a microphone
attached to anterior neck over the trachea. Simultaneously, signals from an ordinary
polysomnograph were digitized and recorded on the hard disc of a personal computer. In
each patient ten apnea episodes of each type were selected for analysis. The tracheal
sounds during three successive breaths preceding and following the apneas were played
back and digitized for subsequent analysis. Short-time power spectra were calculated using
a fast-Fourier transform successively and displayed as a form of sound-spectrogram.
Mean power spectra during the inspiratory and expiratory phases of each breath were
separately calculated and compared with those during breaths while awake.

In the cases of obstructive apneas, tracheal sounds preceding apneas contained a snoring
sound, on the inspiratory phase in about half of the cases and on the expiratory phase in
about 20% of them. In most cases resumed breaths after obstructive apneas started with
the abrupt emergence of tracheal sound. The resumed trachal sounds were extremely
strong (22.2 dB stronger than breath sounds while awake) : inspection of the time expanded
waveform revealed a spike with positive deflection followed by any of irregular noise (47
%), snore (35%) or normal breath sound (18%). By contrast, in most cases of central
apnea normal breath sounds preceded and followed the apneas, and the ratio of snoring in
each breath was 0 to 15%.

The tracheal sounds were thought to reflect the pathophysiology of the upper airway in
sleep apnea. Analysis of tracheal sound recording could be a useful means not only for
detection of apnea events but for determining the type of apnea in diagnosis of sleep
disordered breathing.
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Table 1. Patients characteristics

Subject Sex Age BMI®  AHI® Type®
No.
1 F 42 33.2  45.7 0
2 M 39 28.7 37.5 0
3 M 54 26.5 14.7 0
4 F 54 22.5 13.9 0
5 M 46 35.1 22.8 0
6 M 57 . 26.5 29.1 0
7 M 65 28.7 27.1 0
8 M 54 23.7 48.1 0
9 M 43 246 - 16.3 . O
10 M 61 24.9 21.0 ocC
11 M 47 21.0 12.1 ocC
12 M 59 28.4 20.3 ocC
13 M 52 24.1 13.5 C
14 M 39 26.7 15.2 C
15 M 70 31.1 14.1 C

a)Body mass index b)Apnea plus hypopnea index
c)Dominant type of apneas(C : central O : obstructive)
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Fig. 1. Block diagram of recording system
@Respiratory inductance plethysmograph.
RC : movement of rib cage. AB : movement
of abdomen.
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Fig. 2a. A sound-spectrogram of tracheal sound
preceding an obstructive apnea. Lateral
stripes were seen in inspiratory phase,
which indicated occurrence of snoring.
The last expiratory sound was not visible.

Fig. 2b. A sound-spectrogram of tracheal sound
following an obstructive apnea. Abrupt
resumption of tracheal sound followed by
snoring sound was seen.
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Fig. 2c. A sound-spectrogram of tracheal sound
preceding a central apnea. Normal inspir-
atory and expiratory tracheal breath
sounds were seen.

Fig. 2d. A sound-spectrogram of tracheal sound
following a central apnea. The first
resumed breath was faint but of normal
feature.
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Fig. 3. Occurence of “lateral stripes” on the sound
-spectrogram, which indicated snoring
sound, during successive three breaths (I :
inspiration, E : expiration) preceding and
following apneas. Columns represent the
mean frequencies of the occurrence in all
cases.
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Fig. 4. Foundamental frequencies (Fo) of the lat-
eral stripes (snoring sounds) on sound
-spectrograms. Columns represent the
mean Fo in all cases during successive
three breaths (I : inspiration, E : expira-
tion) preceding and following apneas.
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Fig. 5. Abrupt occurrence of tracheal sound on
sound spectrogram. Columns represent
mean ratio of the abrupt pattern during
successive three breaths (I : inspiration, E :
expiration) preceding and following ap-
neas.
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Fig. 6. Power spectra of tracheal sounds within five band-widths (100-200 Hz,
200-400 Hz, 400-800 Hz, 800-1200 Hz, 1200-2000 Hz) during breaths while
awake and successive three breaths preceding and following apneas. Open
column and closed column represent power spectrum of tracheal sound when
snoring sound is eliminated and not eliminated respectively. I : inspiration, E :
expiration. Asterisks indicate that the data is statistically differrent from the
data while awake (kp<0.05, * *p<0.01).
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Fig. 7. F50 (median frequency of power spctrum)
of tracheal sounds during breaths while
awake and successive three breaths preced-
ing and following apneas. Open column
and closed column represent F50 of tra-
cheal sound when snoring sound is
eliminated and not eliminated respectively.
I : inspiration, E-: expiration.
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Fig. 8. Time expanded waveform of tracheal sound (duration 200 msec) when
resumption breath started after apnea. Resumption breaths started with a
spike of positive deflection followed by any of irregular noise (a : 47% of
cases), snoring sound (b : 35%) or normal breath sound (¢ : 18%).
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