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Summary : The author studied the acoustic features of continuous adventitious lung
sounds in asthmatic patients, and analyzed the characteristics of transmission by comparing
the continuous sounds in asthmatic patients with those due to bronchial stenosis. The
results were as follows ;

1D Continuous adventitious lung sounds in patients with bronchial stenosis confirmed
by bronchoscopy were well transmitted to the neck over the trachea. Therefore, it was
demonstrated that continuous adventitious lung sounds generated in the lung were able to
be transmitted to the tracheal region.

2) Continnous adventitious lung sounds in asthmatic patients were divided into
‘monophonic tones and polyphonic tones, according to sound spectrographic findings. From
the results of coherence analysis, the monophonic tones were considered to be generated in
the right or left lung and were well transmitted to the neck over the trachea.

Therefore, it was confirmed that the tracheal region is a very important location for
auscultating and monitoring asthmatic patients.

3) From the results of cross-correlation analysis, it was suggested that the continuous
adventitious lung sounds due to bronchial stenosis could be differentiated from those in
asthmatic patients.

Index Terms

continuous adventitious lung sounds, bronchial asthma, bronchial stenosis, coherence,
cross-correlation
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Fig. 1. Schematic diagram of recording and analyz-
ing system.

Table 1. Subjects

Case Diagnosis Location of Stenosis Timing Frequency I\(I)izl?ciig
1 | Bronchial Asthma ? holoexp. 210Hz polyphonic
2 | Bronchial Asthma ? holoexp. 100Hz polyphonic
3 | Bronchial Asthma ? mid~late exp. 410Hz polyphonic
4 | Bronchial Asthma ? holoexp. 250Hz polyphonic
5 | Bronchial Asthma right lung ? mid~late exp. 120Hz 3
6 | Bronchial Asthma left lung ? mid~late exp. 270Hz 3
7 | Bronchial Asthma right lung ? mid~late exp. 350Hz 3
8 | Bronchial Asthma left lung ? late exp. 240H. 2
9 | Squamous Cell Carcinoma rt. basal bronchus late insp. 410Hz 2
10 | Squamous Cell Carcinoma truncus intermedius mi:ﬁfﬁ;ﬁ:z‘xp. ﬁggz 2
11 | Squamous Cell Carcinoma truncus intermedius late exp. 170Hz 4
12 | Stevens~ Johnson Syndrome rt. B2 mid~late insp. 380Hz 3
13 liizrlllisli?ngrerLobec tomy truncus intermedius holoexp. 230Hz 1
14 | Endobronchial Metastasis 1t. lower trunk mid~late insp. 300Hz 1
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Table 2. Analytical method

Real wave form 3ch, 250ms

Power spectrum frequency range : 1KHz
frequency resolution : 4 Hz
sampling window time @ 250ms
window - rectangular
averaging - 1,5 samples

Coherence averaging : 5 samples

Cross correlation  sampling window time : 25ms
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Fig. 2. The sound spectrogram (SG) of Case 1 shows the continuous adventitious lung

40 : . G,Q‘sec

sounds of about 210Hz and its overtones during expiration. Continuous sounds of
other frequencies are also seen. (Ordinate, frequency in Hz ; Abscissa, time)
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Fig. 3. The sound spectrogram (SG) of Case 5 shows the rhonchus of 120Hz during
expiration. At the neck and the right chest, three harmonic overtones are clearly

seen above the fundamental.
frequency are seen.

Bl SG % Fig. 2 12/R L. =0 pattern (ZfEHI 5
6, 7, 8=kt monophonic tone T, 7FIL 1D
DIEFH L ZDEFEDENLE > T\ b, ZDOFDIER S5
D SG % Fig. 31T/R Ltc. = OfEH 5 3KEZINERD
MR X » TRIFABIR L oo H 2R TORE T
B, BELTHARBE T X b b BRI 7 F AR
Shte. FEBI6, 7, 8ixuFhd HEEGRIEFO
BETHoTe. ok, KEZME 8 FEHFIEHF DM 7
BT SPSHCHER S h, S8 LETcsWOR
L IEVHRCTERSAE ot

—75, KAELPTE RGN LR 3 B, EB
e 16, AR 161, A LIEVRE O 1 flo
FF6REGITH B DY, ABEGHNCIEEIR &% 2 b ksE
AR WTF R IXKEZE TOFRICH H, Lo
TEET, BERICESI LT7 74— 22— 7 HE8E
Ui 1 Bz BRI zEiios X b R o Bl W ©H
St REBN9 WRTF ERSETH Y, AEEETIE Plate 1 12
RUTe X 5 ICRIEROZER IR ED b, R
» SG 1% Fig. 4 wwin Lichs, LRI 72 monophonic tone
Thh, THEIE—ORKETELOREEORER Y b
EEENPDRY TR SO AR D 7 F IR L.
FEG 9 TN HREIRNC KAE DA HER S fuicfll O o BE E
TR L b b B E S 7 B2 S fuie 2y, Fig. 4
THP O X 5L Z DEFEM 7 FRREZE BT R
TRIEEVPKESEERT SENTH - . FEH 10~

No continuous adventitious lung sounds of other

Right

Plate 1. Bronchoscopic findings of Case 9.
basal bronchus is narrowed by tumor.

14 @ 5 FloHKiME 5 3 H 3 b monophonic tone %
ELATREOREL CRERENHLLTHY, fEMI9 &
FAEE EET o b BRI S e, Toks, KB
$AE 6 REGI DTG 7 F 1 3 BRSO &, 2 FIHTE
SHD A, 1 BIHBRE, « FFK AR S e,
polyphonic tone #2 L7fEFI 1, 2, 3, 4DV —
ARZ P FARLPae -V Y RRWTRS BIERAED



Bt 7 B0 FEFIER S L OEREECEIT 5 HE 117

' 20 " . blsec
Fig. 4. SG of Case 9 shows the continuous adventitious lung sounds ot about 410Hz and two overtones at the
neck during inspiration. At the right chest the fundamental is clear, but at the left chest the fundamental

is very weak.
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Fig. 5. Real wave forms and power spectrum of Case 1. The real wave forms (left side) are shown for a period
of 125ms. The amplitude of the wave form at the neck is shown as a quarter of the actual amplitude.
The power spectrum of each position (right side), calculated by selecting one sample of continuous
sounds, is shown on a lagarithmic scale from 0 to 100Hz.
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Fig. 6. Power spectrum of each position (left side) and the coherence functions between the two positions
(right side) of Case 1. Data are the means of five samples of five different sounds, and the length of
each sample is 250ms. The upper right shows the coherence between the neck and the right chest, the
middle section between the neck and the left chest, and the lower section between both chests. The
coherence function value between the neck and the right chest is high at 210Hz. (Abscissa, frequency
in Hz from-0 to 1000Hz)
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Fig. 7. Real wave forms and power spectrum of Case 5. The peak frequency is about 120Hz, and the peaks of
the overtones are clearly seen.
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Fig. 8. Power spectrum and the coherence of Case 5. The coherence function values between each two positions
are relatively high at the fundamental frequency and three overtones.
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Fig. 9. Power spectrum and the coherence of Case 9. The coherence function value for Within the range of the
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Fig. 10. Cross correlation function of Case 9. The top section is the cross correlation between
the neck and the right chest, the middle section between the neck and the left chest,

the bottom section between both chests.
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Fig. 11. Time lag between the continuous sounds
recorded on the two positions of Case 9.
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Fig. 12. Results of the cross correlation analysis. -
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