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Abstract : The author analyzed night tracheal sounds of hypopnea events in 12
patients with obstructive sleep apnea-hypopnea syndrome (OSAHS). Tracheal sounds
were recorded on a video tape recorder through a microphone attached to the anterior neck
over the trachea during overnight polysomnography. In each patient ten hypopnea episodes
were selected for analysis. Tracheal sounds were analyzed using sound-spectrogram and
power spectra. Mean power spectra of inspiratory and expiratory tracheal sounds within
a bandwidth of 100 to 2000 Hz were respectively calculated for 3 breaths preceding and
following hypopneas as well as during hypopneas.

On inspection of sound-spectrogram, the snoring sounds were observed frequently in the
inspiratory phase, especially during hypopnea(91%). Next, when the snoring sound was
excluded and only the breath sound was examined, power spectra of tracheal sounds during
hypopnea were significantly decreased for both the inspiratory and expiratory phases
compared to those while awake (p<0.001). When snoring sounds were not excluded and
all tracheal sounds were examined, the power spectra of inspiratory tracheal sounds not
only preceding and following hypopnea but also during hypopnea were significantly higher
than those while awake, because of the presence of snoring sounds (p<<0.01).

Next, the author compared snoring sounds in 10 OSAHS patients with those in 5 simple
snorers. On inspection of sound-spectrogram, the variability of snoring was significantly
higher in OSAHS patients than in simple snorers (p<0.005). In quantitative analysis of
power spectra, the coefficient of variation of the power of the snoring sounds in OSAHS
patients was significantly higher than that in simple snorers (p<<0.001).

The author concludes that the characteristics of tracheal sounds during hypopnea events
in OSAHS patients are the presence of inspiratory snoring sound and high variability of the
snoring sounds. (FEEE. J. Nara Med. Ass. 51, 458~467, 2000)
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Table 1. Patients characteristics (Study 1)
Subject No. Sex Age BMI AHI

1 M 39 28.7 48.4
2 M 54 26.3 14.7
3 M 45 35.4 23.3
4 M 47 21.4 20.6
5 M 53 26.2 20.7
6 M 54 25.0 45.8
7 M 57 28.1 22.8
8 M 58 25.8 52.1
9 M 43 24.6 17.3
10 M 62 30.9 31.0
11 F 42 33.2 45.7
12 F 54 22.5 13.9

BMI : body mass index
AHI : apnea plus hypopnea index

Table 2. Patients characteristics (Study 2)

Subject No. Diagnosis Sex Age BMI AHI
1 OSAHS M 39 28.7 48.4
2 OSAHS M 54 26.3 14.7
3 OSAHS M 45 35.4 23.3
4 OSAHS M 47 21.4  20.6
5 OSAHS M 53 26.2  20.7
6 OSAHS M 54 25.0 45.8
7 OSAHS M 57 28.1 22.8
8 OSAHS M 58 25.8 52.1
9 OSAHS F 42 33.2  45.7
10 OSAHS F 54 22.5 13.9
11 SN M 25 28.5 4.2
12 SN M 23 29.4 2.7
13 SN M 36 22.8 2.9
14 SN M 41 22.3 3.2
15 SN F 40 27.5 4.5

BMI : body mass index

AHI | apnea plus hypopnea index

OSAHS : obstructive sleep apnea hypopnea syndrome
SN : simple snorer
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Fig. 1. Block diagram of recording system
RIP : Respiratory inductance plethysmograph
RC : movement of rib cage. AB : movement of abdomen
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Fig. 2. This figure is the screen used to analyze tracheal sounds at emergence of hypopnea. The
upper section shows a naso-oral airflow. The middle section shows respiratory movement of
ribcage (“RC”) and abdomen (“AB”) detected by inductance plethysmograph (RIP). “SUM”
indicates the sum of ribcage and abdominal movement, the change of which corresponds to the
change of lung volume. The lower section shows sound-spectrogram of tracheal sound. The
part of the hypopnea was shown by an arrow in the RIP trace. During hypopnea, a marked
decrease in breath sound intensity during the expiratory phase and existence of snoring sounds

during the inspiratory phase were observed.

[F—FFR IR « ISR E D 1 EFARD RS, W
@ BEE A € F O BE I EERF 21 %, KR 2
%, KR 28 % T, M TEA - 72 (Fig. 3).

EIFR ORI TA € F Ebbio HE 1L 4 %, KPR
A EF b L5 %, ERERICHT - e 5
LA EF LWL 0%TH - 7.

2) SGERREMBDA EF b s RS DLl

B SKIFR T 12— B DA DD > Fo by, TG ER T 1T
EIFERACIREST 5 2 & BN T, ZoRR L&D
95 %IZH BT,

3) 7 =227+ (100-1200 Hz O #IR) 0 E &1
f#¥7 (Fig. 4)

R « (EFFRFTER AL 3 WK & AKIE Rk O RER & % b
B,

a) A EFBFAET HXME SO E T <V —

1. HEERE & o s

BSNERF TR « o« B & b WEERIC BB L TSRS
N —DFEIBEMERD T (p<0.01). EEITEER

ATE & b HEERAICHE L CRES 7 — 0B E ny
R 7e i (p<0.01), EFFRAP I EEER & i L cRe
HST — ORMMERA H D B DR TH - T
FERTORK & WS & DKEE 7 — R BT 5 &,
EFPIRHT « b« e TT, BREAIER L D S HEFICIRD
- 72(p<0.0001).

ii. EFFRETH T DS

WESKEE 7 — HMEFRICBITT 5 & EH LML
LxBD D, KR SEE L s S EE Ay
wd2(p<0.0D. BRIEF 7 — (MEFRICBTT
5EEHBOBEALERD(<0.01), EFERSEE L
Tk &, BEKEAZHDI(p<0.01).

b) A EFFLERG BRI L DR R3S D A D &,
& (100-1200 Hz) ¢ 7 —

1. HEERE & o

RLZDKEE 7 — (MMEFFRAETHE & S HEER & 50
IREERFRD IS DN o oDy, AR XS RRRY & B L O
Bl ZiB» - (p<0.01).



PAZETN AR MR TP IR R O (EPR RE & DR

(463)

(%) 100
80

60
40
20

Ins

Pre—hypopnea

hypopnea

Post—hypopnea

100
80 |
Exp 4]

20

Pre—hypopne

hypopnea

Post—hypopnea

100
80
[ E %7
40
20

| .

[

1 Snoring (=)

0
Pre—hypopnea

hypopnea

Post—hypopnea

Fig. 3. The frequency of occurrence of snoring sounds during hypopnea and three successive breaths
preceding and following hypopnea. The upper section shows the frequency of occurrence of
snoring sounds during the inspiratory phase, the middle section shows that of the expiratory
phase and the lower section shows that of both the inspiratory and expiratory phases in the
same breath. The frequency of occurrence of snoring during the inspiratory phase was high,
819% preceding hypopnea, 91% during hypopnea, 869 following hypopnea.

Ins | inspiratory phase, Exp . expiratory phase
I&E : both inspiratory and expiratory phase in the same breath
Pre-hypopnea : preceding hypopnea, Post-hypopnea : following hypopnea
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Fig. 4. The quantitative analysis of the power spectra (100-1200 Hz band)

The average power spectra of 3 breaths preceding, following hypopneas,
and the average power spectra during hypopnea and while awake respectively
were compared.

Upper section) All tracheal sounds were analyzed. Power spectra of tracheal
sounds during the inspiratory phase not only preceding and following hypop-
nea but also during hypopnea were significantly higher than those while
awake, because of the presence of snoring sounds (p<0.01).

Middle section) Tracheal breath sounds were analyzed excluding snoring
sound. Power spectra of tracheal sounds during hypopnea were significantly
decreased both during the inspiratory and expiratory phases compared to
those while awake (p<0.01).

Lower section) Tracheal sounds only when snoring was contained were
analyzed. During hypopnea, the power spectra of inspiratory tracheal sounds
were significantly decreased (p<0.05). When recovering from hypopnea,
power spectra of tracheal sounds during the inspiratory phase were signifi-
cantly increased (p<0.01).

Pre-h : preceding hypopneas, Post-h : following hypopneas,

*, ** I The data of inspiration are statistically different from that of expira-
tion. (* : p<0.001, ** : p<0.0001)

t : The data are statistically different from the data while awake. (p<0.01).
1, 1T | the data is statistically different from the data during hypopnea. (r : p
<0.05,r : p<0.01)
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Fig. 5. The variability index of snoring (VIS). VIS
was defined by the following formula.
VIS=number of transitions to snoring status/
number of snoringsX 100
The number of transitions to snoring means
the total number of times snoring emerged
and disappeared. The VIS in OSAHS patients
was significantly higher than in simple
snorers (p<0.005).

VIS was analyzed only for the inspiratory
phase.

Simple Snorer
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Fig. 6. (Top panel) The average power spectra

(100-2000Hz) of snoring sounds during the

section including repetitive hypopnea events

in OSAHS patients and those of snoring

sounds in the simple snorers are shown. The

average power spectra of snoring sounds in

OSAHS patients were higher than those in

simple snorers (p<0.1). (Bottom panel)

The coefficient of variation of the power

spectra of snoring sounds during the section

including repetitive hypopnea events in

OSAHS patients and those of snoring sounds

in simple snorers are shown. The coefficient

of variation of the snoring sound power spec-

tra in OSAHS patients was significantly
higher than in simple snorers (p<0.001).
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