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Spectrogram for childhood asthma detection and analysis

1 | INTRODUCTION

Asthma is defined as a chronic inflammation of the lower airways
and can easily result in bronchoconstriction and even dyspnea.
Every year, hundreds of million people around the world suffer from
asthma and are unable to work or attend school due to their un-
controlled symptoms.* Wheezing is an obvious breathing sound that

portrays airflow interference between the lungs and the bronchus

and is often considered a primary feature of an acute asthma attack,
along with coughing, shortness of breath, and chest tightness. Acute
exacerbation or asthma attacks using wheezing sounds have been
detected by physicians both with and without stethoscopes. Designs
for breathing sound monitoring systems and real-time wheeze de-
tection systems have also been reported.2 Trubel et al used mono-
frequent forced oscillation to measure oscillatory airway resistance

and calculate variability in order to separate asymptomatic children
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with asthma from healthy controls.® Meanwhile, Lin et al used 2D bi-
lateral filtering to enhance the spectral feature of wheezing sounds.*
Icer et al used three signal-processing methods to obtain the fre-

quency ratio f_; /f average instantaneous frequency, exchange

max’
time of the instantaneous frequency, and eigenvalues to distin-
guish various pathological lung sounds.® Furthermore, Habukawa

et al compared sound parameter indexes, including median, range,

and mean values, from the amplitude of inspiratory lung sounds at
700 Hz, which were obtained from both an asthma and a nonasthma
group.6 Nevertheless, sufficient information is still lacking with re-
gard to both the time and frequency domains for real-time wheezing
sounds of asthma detection. In this study, we used a device to record
and analyze the wheezing sounds of childhood asthma patients in

both time and frequency domains.
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FIGURE 2 Respiratory spectrogram (A) without background
normalization and (B) with background normalization corresponding
to the different groups

2 | METHODS

The medical assistant system is shown in Figure 1A. The bell of the
stethoscope on a wireless respiratory sound recording device was
placed on the upper left anterior chest at the first intercostal space
on the midclavicular line to collect a 15-second respiratory sound
trial, which was then wirelessly transmitted to the host system via
Bluetooth. As defined by the American Thoracic Society (ATS), a sin-
gle wheezing waveform must be greater than 250 milliseconds in the
time domain and at least 400 Hz in the frequency domain.” To ef-
fectively obtain the characteristics of respiratory sounds, we devel-
oped a respiratory sound analysis algorithm, as shown in Figure 1B.
The raw respiratory sound is first preprocessed through a band-pass
filter with a frequency band of 150-1000 Hz to preserve a mean-
ingful respiratory signal. We segmented each respiratory cycle and
extracted its characteristics, including respiratory rate, respiratory
cycle period, and sound index. We defined sound index (Sl) as the

sum of the sound amplitude per unit time,® the respiratory rate as
the number of respiratory cycles per one minute, and the respiratory
cycle period as the time between the onset and offset of a respira-
tory cycle. We obtained a spectrogram of the segmented respiratory
sound using the short-time Fourier transform (STFT) and then used
order truncate average (OTA) to eliminate background noise.”

In this study, we performed experimental trials with 17 healthy
children (14 males and 3 females) and 26 children with asthma (19
males and 7 females) at Kaohsiung Chang Gung Memorial Hospital
in Taiwan. The ages of these participants ranged from O to 8 years
old, and they were either hospitalized or visited the outpatient clinic
due to asthma with acute exacerbation. The subjects all had symp-
tomatic asthma and audible wheezing at the time when the sound
was recorded. This experiment was approved by the Institutional
Review Board (IRB: 104-2415B), and we obtained the written in-
formed consent from the parents or guardians of all participants.
We also enrolled a total of 50 other independent participants (37
healthy and 13 asthma children) who had similar characteristics
with the experimental trials in order to perform blind testing. The
presentation of a specific narrow line pattern (duration > 250 mil-
lisecond) in the respiratory spectrogram with OTA was recognized

as a wheeze.

3 | RESULTS

We examined respiratory spectrograms with/without OTA nor-
malization corresponding to the different groups (Figure 2) and
found that the respiratory spectrogram of the healthy group
was distributed between 150 and 700 Hz for 0.5-0.75 seconds,
while that of the asthma group was between 200 and 450 Hz
for 0.25-0.6 seconds. The respiratory spectrogram magnitude of
asthma was stronger than that of the healthy group. Using the
OTA technique, we eliminated background respiratory noise and
effectively enhanced the wheezing feature with a certain time/fre-
quency pattern (frequency of maximum peak: 353.01 + 154.62 vs
426.43 + 139.83 Hz, P < 0.05, Figure 2). The average respiratory
cycle period of the asthma group (0.64 + 0.32 second) was signifi-
cantly shorter than the healthy group (1.03 £ 0.51 second, P < 0.05).
Furthermore, the average sound index of the asthma group was
significantly larger than the healthy group (371.55 + 171.41 vs
73.95 + 23.65 au, P < 0.05). We also investigated the correlation
between the wheezing grade diagnosed by a physician on a scale
of 0-3 (indicating none, mild, moderate, and severe condition of
wheezing, respectively) and various lung sound features. Our re-
sults indicated that the respiratory rate (r = 0.476), respiratory
cycle period (r = -0.534), and sound index (r = 0.603) were all sig-
nificantly related to wheezing grade (all P < 0.05 by Spearman's
rank correlation). When regarding subgroups by age (<2 years old,
N = 13) in asthma children, there are no significant difference in
sound index and frequency of maximum peak (P > 0.05), but female
gender asthma patients had a higher frequency of maximum peak
than male patients (428.6 + 119.2 vs 181.7 + 184.2 Hz, P < 0.001).
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A blind test with 50 participants showed that our findings had 94%

accuracy, 84.62% sensitivity, and 91.67% positive predictive value.

4 | DISCUSSION

Most of the aforementioned methods primarily focused on the features
of lung sounds in the frequency domain, but in this study, we explored the
relationship in both the time and frequency domains.(3) Narrowing bron-
chial airways also cause an increased intensity or pitch of lung sounds. In
the asthma group, the frequency corresponding to the maximum peak
in the wheezing sound spectrum was about 350 Hz, while the duration
of the wheeze lasted approximately 250 milliseconds. Wheezing sounds
can be seen like the sounds of a musical instrument due to airway flutter-
ing caused by airway narrowing. The wheezing grade also demonstrated
a significant correlation with respiratory rate, respiratory cycle period,
and sound index. Therefore, these elements may have the ability to
quantitatively estimate the asthma condition in the future.

In this study, we proposed a device for analyzing childhood
asthma and successfully applied it to extract a spectrum of wheez-
ing features in both the time and frequency domains. We developed
a wearable, wireless lung sound recording device to improve the
convenience of daily monitoring of breathing sounds and detect
wheezing in real time to reduce the impact of asthma with acute
exacerbation with an overall cost of less than 100 USD.
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